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Although virtual reality (VR) represents a promising tool for psychological research, 
much remains unknown about how different properties of VR environments may affect episodic 
memory performance. Two closely related characteristics of VR are immersion (i.e., the 
objective degree to which VR naturalistically portrays a facsimile of an analogous real-world 
environment) and presence (i.e., the subjective sense of being “mentally transported” to the 
virtual world). While some research has demonstrated a benefit of increased immersion on VR-
based learning, it is uncertain how broadly and consistently this benefit might extend to 
individual components of immersion in isolation. Additionally, it is unclear whether immersion 
itself is what influences memory performance in these instances, or if presence is a mediating 
factor which explains the relationship between immersion and memory.  
To address these issues, the current study assessed how presence and memory were 
affected by three individual manipulations of immersion: field of view, unimodal (visual only) 
vs. bimodal (visual and auditory) environments, and the realism of lighting effects (e.g., the 
occurrence or absence of shadows). Results varied between different manipulations of 
immersion, suggesting that outcomes of one property of immersion may not be representative of 
immersion in general. However, no evidence for a mediating effect of presence emerged in any 
of the individual experiments, nor in a combined inter-experimental analysis. This outcome 
demonstrates a degree of independence between immersion and presence with regard to their 
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influence on episodic memory performance, and further implies that presence may not be 
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In experimental psychology, researchers often find themselves in the dilemma of creating 
a study which is sufficient in terms of both its ecological validity and its degree of experimental 
control (Kvavilashvili & Ellis, 2004). While control is of course necessary for the careful and 
systematic manipulation of variables under investigation, tasks which lack an adequate degree of 
ecological validity may be somewhat misrepresentative of the phenomenon of interest, thus 
threatening the generalizability of results outside of the laboratory. However, the emergence of 
Virtual Reality (VR) technology presents an exciting opportunity for psychologists to increase 
the ecological validity of a task in a setting which simultaneously maintains the experimental 
control necessary to reliably evaluate a given psychological construct. Virtual environments can 
be created to reflect a theoretically infinite number of situations in a manner which is in many 
cases drastically more cost-efficient than the creation of its real-world equivalent. As such, 
researchers have the capability of constructing virtual reproductions of more externally 
naturalistic environments in a setting that also allows for the behavioral observation of subjects 
who engage with the VR system.  
Although quite promising, much is still unknown about the psychological properties of 
VR and whether this mode of interaction is similar enough to real life to be an effective proxy for 
the experimental assessment of different phenomena. For example, how effective is learning 
information in a virtual environment, and how might this level of efficacy compare to learning as 
it occurs in real environments? Answering such questions requires an assessment of long-term 
memory effects within virtual environments, and in particular calls for an evaluation of how 
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studying information in VR relates to episodic memory (defined classically as 
“information about temporally dated episodes or events, and temporal-spatial relations among 
these events.”; Tulving, 1972, p. 385). An understanding of how episodic memory operates in 
VR is not only of interest to researchers of cognitive psychology, but also has implications for 
the applied utility of using virtual environments as a platform for learning in both educational 
and industrial settings.  
Although applications of training with VR technology have spanned from fighter jets 
(Lele, 2013) to fast food (Vanian, 2017), a firm foundation of basic research on episodic memory 
in VR is essential to understanding the overall utility of learning in VR and how it might 
compare (or contrast) with real-life training. The extant research on this topic spans a number of 
fields, including psychology (cognitive and clinical), human factors, and basic perceptual 
research. Each of these fields assesses the construct of memory in slightly different ways, and, in 
many instances, there seems to be minimal cross-talk between disciplines concerning 
experimental results. Furthermore, there is a wide variety of VR apparatuses in use for this line 
of research, spanning from simple desktop computer interfaces to expansive multimillion-dollar 
chambers dedicated specifically to the creation of immersive VR environments. The 
technological characteristics of different VR systems may likewise result in different levels of 
encoding efficiency, thus potentially leading to the appearance of theoretically discrepant results 
across studies that might be better explained through an examination of the specific 
methodologies employed. These factors have made it somewhat difficult to appraise the body of 
research on episodic memory in VR from the perspective of cognitive psychology (for review, 
see Smith, 2019). Therefore, a central area of interest for researchers using this technology as an 
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experimental apparatus is determining which characteristics of virtual environments and/or VR 
equipment might influence episodic memory performance. 
 
What counts as “Virtual Reality”? 
Before delving into the extant body of research on episodic memory using VR, it is 
important to first clearly establish what sorts of methodologies fall under the umbrella of 
“Virtual Reality” – a term which is frequently used to refer to a variety of experimental 
apparatuses interchangeably (Wilson & Soranzo, 2015). According to Merriam-Webster, VR can 
be generally described as follows: 
An artificial environment which is experienced through sensory stimuli (such as sights 
and sounds) provided by a computer and in which one’s actions partially determine what 
happens in the environment. (Virtual Reality, n.d.).  
Although this description is perhaps intuitive, it is also quite broad. In particular, it makes no 
mention of the wide variety of methodologies that can be employed by a researcher which, while 
varying greatly in terms of complexity, might all be categorized identically under the term VR. 
Nevertheless, in many studies employing VR a discussion of the variety of systems all classified 
by the same term is minimal or absent. This lack of terminological specificity can make the 
results across VR studies difficult to compare because the nature of an experimental task might 
fundamentally change depending on the apparatus being used. For instance, the act of walking in 
a virtual environment might be as sophisticated as actually walking on a treadmill that adjusts its 
speed to match your pace as you navigate in a scene, or as simple as pressing a button or tilting a 
joystick to indicate the direction of an avatar’s movement.  
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Moreover, having such a large variety of VR systems all classified under the same 
general term could invite inappropriate comparisons of results across experiments, potentially 
leading to the appearance of theoretically discrepant outcomes when the true cause of 
discrepancy might actually be the nature of the apparatuses being used. For instance, VR systems 
can vary in terms of their degree of immersion, which can be defined as the level of realism 
achieved by a virtual environment in terms of its sensory and interactive qualities.1  In general, 
subjects engaging with more immersive VR systems tend to experience a heightened sense of 
presence, a related concept which refers to the subjective sense that the user is actually in the 
virtual environment (see Lessiter et al., 2001). The interrelated nature of these concepts often 
results in researchers using the terms presence and immersion interchangeably; however, it is 
important to note the distinction between these concepts. In short, the immersiveness of an 
environment is determined by objective characteristics of the VR system (e.g., visual detail, field 
of view, etc.), whereas presence refers to the subjective mental response to immersion (which 
causes a subject to feel more or less “transported” to the virtual environment; see Slater, 2003). 
With regard to memory research, a consideration of these topics is relevant because differences 
in immersiveness between VR systems could potentially impact the results of a study; therefore, 
it is important to account for the specific properties of different VR systems when seeking to 
compare results across studies. Although the wide variation in apparatuses makes this task 
somewhat difficult, recognizing that most VR systems fall into a handful of subcategories can 
simplify the exercise of drawing such inter-experimental comparisons. Namely, the majority of 
 
1 Note that this differs slightly from some definitions which exclusively define immersion as the level of sensory 
fidelity afforded by the VR apparatus, regardless of the manner in which subjects interact with the environment (see 
Bowman & McMahan, 2007). However, given the highly interrelated nature of these concepts, the term immersion 
will be used in this paper to refer to both the sensory (output) and interactive (input) properties of a VR system 
(instead of introducing two separate terms). This usage is consistent with other descriptions of immersion which 
reference the interactive properties of the system in question (e.g., Makowski et al., 2017; Slater, 2003).  
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VR systems tend to fall into one of the following three sub-types: (1) Desktop-VR, (2) Headset-
VR, and (3) Simulator-VR. 
Desktop-VR. Desktop-VR refers to any virtual environment which uses a standard 
computer monitor as its visual display (Furht, 2008). Additionally, interacting in Desktop-VR 
makes use of the standard computer mouse and keyboard as input devices. As such, this form of 
VR is quite cost-effective due to the wide availability of the hardware necessary to run it and 
software packages available for programming these virtual environments. Furthermore, and 
unlike other forms of VR, the ubiquity of the standard input devices for Desktop-VR make them 
much more likely to be familiar to subjects prior to their arrival for an experiment, which could 
make the training phase of a study quicker and more straightforward. Desktop-VR has been used 
in psychological research for decades, although this specific term (or variations including the 
word “desktop”) is not consistently applied across studies. However, despite the aforementioned 
benefits of Desktop-VR, there are a number of drawbacks to consider as well. First, although the 
graphical environments of Desktop-VR often exist in 3-D they are presented on a 2-D display, 
and therefore only monocular depth cues are available to indicate the distance of objects in the 
environment (i.e., no stereoscopy). Also, the manner in which subjects interface with Desktop-
VR is often not motorically analogous to the action being simulated. For instance, to look “up” 
in this type of virtual environment might require the subject to physically move the mouse 
forward, or “picking up” a virtual object may be done by pressing down a button on the 
keyboard. This mismatch may limit the utility of Desktop-VR in the exploration of memory 
phenomena which have a relevant motoric component. Finally, these drawbacks produce the 
general result of reduced immersion in Desktop-VR compared to other forms of VR.  
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Headset-VR. Unlike Desktop-VR, Headset-VR is characterized by its use of specialized 
viewing equipment. Specifically, head-mounted displays (or HMDs) are placed on the head and 
display computer-generated images directly in front of the eyes. Simultaneously, the HMD 
detects the head motion of the subject in order to update the visual information being presented 
in a manner that is consistent with the angle and velocity at which the head is turning – in short, 
you are able to “look around” the virtual environment in a manner that is natural and not 
confined to the borders of a conventional computer screen (see Furht, 2008). Moreover, in many 
Headset-VR programs each eye is presented with images from slightly shifted perspectives such 
that the virtual environment is viewed stereoscopically, thus providing binocular depth cues for a 
more comprehensive sense of object distance. In addition to this specialized viewing equipment, 
many contemporary HMD systems also include hand-held controllers as input devices which 
allow the user to interact with the environment. The spatial location of these controllers is 
mapped in the virtual environment, allowing the user to visually observe where the controllers – 
and, by extension, the user’s hands –  are located within the 3-D virtual space. Despite some 
drawbacks to these systems (e.g., higher prevalence of simulation sickness relative to other forms 
of VR; see Sharples et al., 2008), the enhanced sensory and interactive naturalness of virtual 
environments experienced in Headset-VR (compared to Desktop-VR) suggests generally higher 
levels of immersion in this type of apparatus. 
Simulator-VR. Although all forms of VR consist of some form of simulation in the 
general sense of the word, Simulator-VR (hereafter “Sim-VR”) is distinguished from the 
previous VR systems primarily by its use of external visual displays (unlike Headset-VR) and 
specialized input devices (unlike Desktop-VR). Considering the wide variety of systems that fall 
into this category, Sim-VR setups can largely vary in terms of their immersiveness depending on 
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how the user both views and interfaces with the environment. More immersive Sim-VR 
apparatuses feature multiple display panels which are configured such that a user is surrounded 
by the visual imagery of the virtual environment, thus dominating the subject’s field of view. 
Arguably the most sophisticated example of highly immersive Sim-VR is represented by systems 
known as Computer-Aided Virtual Environments (or CAVEs; see Furht, 2008). CAVEs are 
entire rooms which are dedicated to displaying a virtual environment and often offer features like 
head-tracking, special glasses that allow the user to view the environment stereoscopically, and 
ceiling-to-floor graphical displays that completely envelop the user in the computer-generated 
world (Slater & Sanchez-Vives, 2016). 
Although the costs associated with these highly immersive systems can be prohibitively 
expensive (with price tags in the millions; Lewis, 2014), Sim-VR can fortunately also be created 
with comparatively affordable experimental setups (albeit with a relative reduction in immersion 
as well). For instance, a researcher might use a single large projector screen as the visual display 
and provide specialized input equipment for subjects to interact with the virtual environment in a 
way that is somewhat analogous to the real-life conditions being simulated (e.g., completing a 
virtual driving task by interacting with a steering wheel, brakes, and accelerator pedal as opposed 
to a more generalized input device like a mouse and/or keyboard; e.g., Plancher et al., 2013). 
Given the variability of setups which are classified under the umbrella of Sim-VR, special care 
should be taken by researchers to clearly define all aspects of such apparatuses for the reader, 
particularly considering that the degree of immersion is likely to vary more within this 




Properties of Virtual Reality Immersion and their impact on Episodic Memory 
Differences in psychological outcomes based upon the type of VR system being used 
have been demonstrated a number of times in the literature. In what ways might VR systems 
differ from one another? Perhaps the most obvious difference between VR apparatuses outlined 
above deals with the relative levels of immersion afforded by different systems. Both Headset-
VR and Sim-VR are generally capable of producing more immersive environments than 
Desktop-VR, although, as noted above, the immersiveness of Sim-VR can vary quite a bit 
depending on the complexity of the apparatus. Perhaps unsurprisingly, many studies reveal a 
general pattern in which more immersive VR systems promote better episodic memory 
performance (e.g., Harman, Brown, & Johnson, 2017; Ruddle et al., 2011; Schöne, Wessels, & 
Gruber, 2017; Wallet et al., 2011; cf. Dehn et al., 2018; Gamberini, 2000). Given the potential 
mnemonic benefits afforded by immersive environments, a consideration of the factors that 
contribute to immersion is worthwhile. Some researchers classify VR systems in absolute terms 
of whether they are “immersive” or “non-immersive” (e.g., Brooks et al., 1999); however, 
immersion is not an all-or-nothing variable, but rather exists on a continuum (Bowman & 
McMahan, 2007). Therefore, when one is surveying the impact of immersion on episodic 
memory, it is important to consider how varying degrees of immersion impact memory 
performance. Current evidence regarding the impact of a variety of immersive characteristics on 
episodic memory will be considered below.   
Visual fidelity. The property of visual fidelity is defined as how faithfully a VR system 
reproduces the qualities and detail of analogous visual information found in the real world. 
Nearly all VR systems have, at minimum, some sort of visual display component (cf. Connors et 
al., 2014), so a consideration of qualities contributing to enhanced visual fidelity is a central 
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element in understanding the immersiveness of an apparatus. However, just because visual 
fidelity impacts immersiveness does not necessarily mean that this specific property of 
immersion impacts memory. Therefore, one should consider what evidence exists from studies 
which have manipulated visual fidelity as an independent variable and compared memory 
performance between conditions. 
One quality that contributes to the overall visual fidelity of an environment is its level of 
detail, including features such as color, texture, lighting effects (e.g., shadows), and other visual 
properties of objects in the virtual environment. To test the impact of visual detail on memory, 
Wallet et al. (2011) constructed two versions of a virtual environment that reproduced the spatial 
layout of an area in an actual city: one without color or texture (resulting in a monochromatic 
environment composed of more simplistic geometric shapes), and the other with the inclusion of 
color and textures that more clearly defined the nature of the geometric shapes (e.g., buildings, a 
road, etc.). Subjects interacted with this environment in a more basic Sim-VR setup, including a 
single (large) projector screen and a gaming joystick input. After navigating through the city, 
subjects completed three assessments to determine how well the navigated route was 
remembered: (1) a wayfinding task where subjects reproduced the virtual route in the real world, 
(2) a sketch-mapping task which required subjects to draw the visualized route, and (3) a scene-
sorting task in which subjects arranged a set of images taken along the route in chronological 
order. Subjects who learned the route in the detailed virtual environment performed significantly 
better on all three assessments when compared to subjects in the undetailed environment.  
However, not all experiments reveal a clear benefit of visual detail on memory. For 
instance, Mania, Robinson, & Brandt (2005) created three versions of a virtual office which 
varied in terms of the sophistication of environmental lighting effects. Subjects used a Headset-
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VR system to visually explore the office from a stationary location in the center of the room and 
were later given a recognition memory test to assess memory for the objects in the room. 
Although subjects in the mid-quality condition outperformed those in the low-quality condition, 
recognition in the high-quality group was surprisingly no different from either the low- or mid-
quality groups (see also Mania et al., 2010). Such findings reveal that the association between 
memory and visual detail is unclear and may be dependent upon which properties of visual detail 
are being manipulated.  
Other research suggests that the effect of visual detail on episodic memory might be 
subtle and could assist memory for certain items more than others depending on environmental 
context. To assess this, Mourkoussis et al. (2010) created two versions of a virtual environment 
(an academic office) with extreme variation in their level of visual detail. The low-detail 
environment was a basic wireframe model that represented the borders and contours of the 
objects in the scene. Unlike the high-detail condition, these objects were not filled in with their 
respective shading or texture – in essence, this amounted to a set of items that were simply 
outlined in their respective colors.2 The items in this environment fell into one of two categories: 
they were either consistent with the context of an academic office (e.g., a bookcase) or 
inconsistent (e.g., a cash register). Subjects viewed the environment from a stationary position in 
the center of the virtual office using Headset-VR and were then given an old/new item 
recognition test. Although there was no main effect of visual detail on recognition memory, there 
was an interaction in which memory for inconsistent items was improved in the highly detailed 
condition whereas memory for consistent items was not affected by the level of visual detail in 
the virtual environment. This outcome may have particular relevance for researchers hoping to 
 
2 Despite the perceptually impoverished nature of the wireframe condition, Mourkoussis et al. (2010) verified via 
pilot testing that all objects were identifiable regardless of immersion condition (p. 14).  
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study distinctiveness effects in memory, as it suggests that lower levels of visual detail may 
dampen effects which generally result in improved memory for items which are incongruent with 
their environment (for a review of distinctiveness effects, see Schmidt, 1991).  
Visual detail is only one factor which contributes to the overall visual fidelity of a virtual 
environment. The presence or absence of a stereoscopic display also contributes to visual fidelity 
by allowing the observer to take advantage of binocular depth cues. Bennet, Coxon, and Mania 
(2010) explored whether this variable impacted memory performance by manipulating the 
presence of these cues in a Headset-VR system. Specifically, half of the subjects viewed the 
virtual environment stereoscopically whereas the other half viewed the scene in a “mono” 
condition which eliminated stereopsis. At retrieval, memory for the spatial configuration of 
objects was not found to significantly vary as a function of whether stereoscopic cues were 
available, although responses on remember/know judgments did vary somewhat (specifically, 
there were more remember judgments in the stereo condition for objects which were thematically 
consistent with the environment).3   
Another component of visual fidelity is the amount of visual information available to the 
user at any given time. Ragan et al. (2010) studied the impact of field of view (i.e., the portion of 
the virtual world the observer can see at any point in time; FoV) and field of regard (i.e., the area 
surrounding the observer that contains visual information; FoR) on memory performance in a 
virtual environment. Researchers utilized a Sim-VR CAVE setup where subjects were seated in 
the center of a cubic room and rotated the environment using a joystick. To manipulate field of 
view, subjects were given goggles that were either completely transparent (High-FoV) or 
 
3 This procedure was somewhat different from the remember/know paradigm typically used in psychological 
research. Although the concept of recollection was defined conventionally and associated with responses of 
“remember”, subjects were given two different response options (“familiar” and “know”) to indicate familiarity, 
despite the typical use of only one option in studies of metacognition. 
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contained blinders that limited peripheral vision (Low-FoV). Field of regard was manipulated by 
altering the number of screens in use – the High-FoR condition used screens to the right, left, and 
in front of the subject, whereas the Low-FoR group only had the screen directly in front of them. 
During the task, subjects observed a sequence of events with objects moving on a grid (e.g., a 
yellow sphere moving to a particular location, followed by placing a red block on top of another 
object, etc.), and then later had to recall the entire sequence in order. Higher fidelity for both 
field of view and field of regard contributed to increased memory performance (i.e., fewer 
errors), and High-FoR even reduced the amount of time subjects needed for the memory 
assessment. Additionally, the condition with both Low-FoV and Low-FoR was significantly 
slower and more error-prone than any of the other three combinations of these variables.4   
Multimodal sensory information. Although visual fidelity has a large impact on the 
immersiveness of a virtual environment, non-visual sensory stimuli also contribute to immersion 
and are capable of supplementing an otherwise unimodal VR system. Does the increased 
immersiveness of a multimodal environment translate to increased performance on memory 
tasks? If so, do all sensory modalities contribute to this benefit, or only certain ones?  
Perhaps the most natural secondary sensory modality to consider would be audition. To 
investigate the impact of including sound in a virtual environment, Davis et al. (1999) created a 
Headset-VR study with three conditions: high-fidelity sound (typical CD quality sampling rate), 
low-fidelity sound (comparable to AM radio quality), and no sound. During the study phase, 
subjects navigated within four virtual rooms using a joystick and observed a variety of different 
objects within each of these rooms. Each room had walls with a distinctive color (red, yellow, 
green, or grey) as well as distinctive ambient sounds (city, ocean, forest, and storm sounds). 
 
4 Although there might be an upper-limit to the benefits of increased field of view on memory performance (see 
Richardson & Collaer, 2011). 
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Subjects were later given a free recall test in which the high-fidelity audio condition was 
numerically, but not significantly, better than the no-audio condition (p=0.1). However, a 
subsequent forced choice recognition assessment was given to evaluate source memory; subjects 
had to assign images of each object with the respective room in which they were observed. On 
this task, there was a significant benefit of audio fidelity, with performance in the high-fidelity 
condition surpassing the no-audio condition. In contrast, the difference between the low-fidelity 
and no-audio conditions was nonsignificant. These results indicate that although the mere 
existence of distinctive audio in a virtual environment may not improve source memory 
performance, the inclusion of high quality audio may enhance a subject’s ability to effectively 
encode the context in which an object is observed.  
Neuroimaging evidence also supports the notion that including audio may enhance 
memory encoding in a virtual environment. Andreano et al. (2009) used fMRI to observe brain 
activity when subjects passively viewed virtual environments with or without the inclusion of 
auditory cues. Specifically, the visual clips included a pre-recorded navigation through different 
environments, with an auditory cue presented upon the location of an object in the environment 
(e.g., locating a seashell while walking on the beach). Although no behavioral assessment of 
memory performance took place in this study, results indicated increased hippocampal activity 
when subjects experienced the bimodal environments relative to their visual-only counterparts, 
thus providing neurological evidence concerning the impact that increasing VR immersion 
through the inclusion of sound might have on memory encoding. In fact, although it may seem 
unorthodox, a VR system technically does not require any visual information in order for a 
subject to learn the spatial layout of a virtual environment. Such non-visual apparatuses are 
commonly used in research seeking to improve the spatial navigation abilities of subjects who 
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are blind (for a brief survey of non-visual VR systems used in blindness research, see Lahav, 
2014).  
Can other sensory modalities also contribute to memory performance in VR? A Headset-
VR study by Dinh et al. (1999) incorporated several variations of a virtual environment based 
upon the level of visual detail and the presence or absence of auditory, tactile, and olfactory 
stimulation. Tactile cues included a fan that turned on in real life when subjects approached the 
virtual fan and a heat lamp intended to mimic the impression of standing in the sunshine when 
they walked to the virtual balcony. The olfactory cue was the scent of coffee presented via an 
oxygen mask when the subject was in the vicinity of a virtual coffee pot. There were no 
differences between groups in terms of their memory for the overall layout of the environment; 
however, when subjects were assessed on their memory for the location of objects in the 
environment, both olfactory and tactile cues improved recall performance.  
Although all of the previous studies on multimodal sensory information have provided 
non-visual cues during the study phase of the experiment, one might reasonably wonder whether 
an effect might be observed if such cues were provided in the retrieval phase. Could the presence 
of an olfactory cue used during study reinstate the context of the encoding episode if presented 
again during retrieval? Moreover, might an olfactory cue presented only during retrieval affect 
memory in some way if the scent is contextually appropriate for the setting of the virtual 
environment? Tortell et al. (2007) sought to answer these questions by constructing a Sim-VR 
apparatus designed to produce olfactory cues at varying times during the experiment.5  The 
researchers employed a 2 x 2 design to manipulate the presence and timing of olfactory cues, 
 
5 Arguably, this variant of Sim-VR is simply a modified Desktop-VR system (using a normal computer monitor and 
a handheld controller). However, the inclusion of specialized olfactory hardware (the “scent collar”) results in a 
sensory experience fundamentally different from what is typically experienced with conventional desktop hardware, 
thus meriting its classification as “Sim-VR” despite its low visual immersion.  
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with scent during encoding and scent during retrieval as the two factors. The scent was a custom-
designed compound intended to mimic a smell appropriate for the virtual environment, which in 
this study was “a swampy culvert”. Subjects in all conditions studied the virtual environment and 
were then given a recognition memory test where they had to indicate which items had not been 
viewed during encoding. Results indicated a main effect in which the presence of an olfactory 
cue during the study phase produced a significant improvement in recognition memory. 
However, no additional benefit was conferred by having the scent presented during both 
encoding and retrieval. Furthermore, subjects who experienced the scent only during retrieval 
had worse memory performance than any of the other three conditions. The researchers then 
performed a subsequent analysis which took into account a subject’s previous exposure to video 
games. The analysis revealed that the presence of the olfactory cue during encoding improved 
memory performance for non-gamers substantially more than it did for gamers, suggesting that 
previous exposure to virtual environments may moderate the beneficial effects of non-visual cues 
provided during encoding tasks in virtual environments.  
Interactive fidelity. The previous considerations regarding the types of sensory 
information provided by various virtual environments is integral to understanding the 
relationship between VR immersion and episodic memory performance. However, a full 
appreciation of a virtual environment’s immersiveness also requires an inspection of a subject’s 
interactions within the environment. Interaction is, after all, a critical component of what 
distinguishes VR from simply watching a video from a first-person perspective. The nature and 
extent of virtual interaction can take several forms, from having full control of navigation and 
manipulation of objects to simply having the ability to “turn your head” (literally or figuratively) 
to observe different regions of the virtual environment (e.g., with a joystick, or with head 
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movements tracked by an HMD). Is it possible that active engagement within the virtual 
environment might confer benefits to memory performance when compared to subjects with 
lower levels of virtual engagement?  
 Many studies reveal a general benefit of active VR interaction on memory performance 
(e.g., Wallet et al., 2011; c.f. Gaunet et al., 2001). Hahm et al. (2007) created a virtual 
environment consisting of four rooms which were each filled with 15 unique objects. Using a 
Headset-VR system, subjects either actively navigated around the rooms (using a keyboard) or 
passively watched as they were moved around the rooms automatically. Accuracy on the old/new 
recognition task for studied objects was significantly better for subjects who actively explored 
the rooms, revealing a mnemonic benefit of increased VR interactivity. This basic outcome was 
later replicated in a similar study by Sauzéon et al. (2012) using Desktop-VR, yet again revealing 
increased recognition accuracy for objects in the active navigation condition. Benefits of active 
interaction in a virtual environment have also been found in applied research. Jang et al. (2017) 
studied the impact of active and passive VR training among medical students studying the 
anatomy of the inner ear. The specialized Sim-VR apparatus was equipped with a stereoscopic 
visual display and a free-moving joystick (i.e., one not mounted to a stationary surface) which 
allowed the user to rotate and zoom in on the virtual model of the inner ear and observe the 
anatomical substructures contained within. Subjects were instructed to study the physical and 
spatial configuration of the virtual model through either active manipulation or a passive 
observation in which the 3D model was moved “on its own”. Unbeknownst to subjects was the 
fact that the videos viewed in the passive group were generated by subjects in the active group. 
This feature allowed for a matched pairs design to ensure that subjects between conditions were 
observing the same visual information. At test, subjects were provided with several 2D images of 
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the inner ear from a variety of perspectives with critical substructures missing in each image 
(e.g., the semicircular canals). Subjects were then tasked with drawing each substructure in its 
correct location and shape from a given perspective. An analysis of the drawings revealed that 
subjects in the active condition were more accurate in the angle, size, and placement of the 
substructures, revealing a benefit to spatial memory performance. The results from Jang et al. 
(2017) suggest that the benefit of actively interfacing with a VR is not unique to object 
recognition but may also extend to spatial properties of memory as well.  
Although active engagement with a virtual environment frequently improves memory 
performance relative to passive observation, some studies produce no such benefit (e.g., Gaunet 
et al., 2001; Sandamas & Foreman, 2003). How might one explain some of the variable episodic 
memory performance from experiments testing active and passive interaction within a virtual 
environment? Perhaps some of this discrepancy may be due to a lack of clarity regarding which 
aspect of interactivity subjects are given control of in VR. Although seldom teased apart, there 
are actually two distinct components that contribute to a subject’s interactions within a virtual 
environment: the volitional component which allows a subject to choose how to interact with the 
environment, and the motoric component in which subjects physically carry out that interaction 
via the VR system’s input device(s). Is it possible that these two components contribute 
differently to memory outcomes associated with active conditions? One way to determine this is 
to consider results from experiments in which the subject is explicitly told how to interact with 
the environment. Indeed, subjects in Gaunet et al. (2001) were instructed on how to navigate a 
route by the experimenter, thus removing the volitional component of VR interaction. Could the 
resulting lack of a memory benefit among active subjects in this study be a result of exclusively 
allowing motoric interaction with the virtual environment?  
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To directly test the separable influences of motoric and volitional control during 
navigation of a virtual environment, Plancher et al. (2013) created three conditions for how 
subjects navigated a series of roads. Subjects with volitional control instructed the experimenter 
on which way to turn the car at intersections, subjects with motoric control drove the car 
themselves based on the experimenter’s navigational directions, and passive subjects were 
simply passengers in the car observing the environment as it passed by. The Sim-VR apparatus 
was characterized by a large screen which included a view of the interior of the car from a first-
person perspective. Additionally, the input devices included a physical steering wheel, 
accelerator, and brake pedal, resulting in a higher degree of interactive fidelity than driving 
simulations using more generalized devices like joysticks or game controllers. To ensure that all 
subjects viewed the same scenes along the route, the virtual world was constructed to be 
completely symmetrical, such that the critical objects and their spatial layouts in the scene were 
identical regardless of which way subjects turned at intersections. During retrieval, subjects were 
required to complete several tasks assessing memory for the objects they saw and their relative 
location in the scenes along the route. Item recognition for the previously observed objects was 
better among subjects with volitional control than subjects with motoric control – in fact, even 
the passive condition outperformed the motoric control condition on this task. In contrast, spatial 
memory for the location of objects was equivalent between subjects with motoric and volitional 
control, with both versions of the active condition outperforming the passive group on 
visuospatial memory tasks.  
A later study by Jebara et al. (2014) used a nearly identical VR apparatus and virtual 
environment, but instead created two separate conditions with motoric control. These conditions 
varied in how much physical interaction was necessary, with one group only choosing the speed 
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at which the route was observed by using the accelerator and brakes (but not turning the steering 
wheel), whereas the other group used both the steering wheel and pedals as in Plancher et al. 
(2013). These conditions were included to determine whether increasing or decreasing a 
subject’s level of motoric control might produce different memory outcomes. Briefly, high-
motoric control led to worse item memory than both low-motoric control and volitional control, 
and visuospatial memory was equivalent for volitional and low-motor control (which were both 
superior to the high-motor control and passive conditions). In short, increased motor control 
resulted in worse episodic memory, which the authors suggest may be due to the increased 
burden on cognitive resources resulting from increased motoric engagement. In general, the 
results of Plancher et al. (2013) and Jebara et al. (2014) indicate that the influence of VR 
interaction on memory may not be simply due to the occurrence of interaction, but may vary 
depending the component (i.e., volitional or motoric) and degree (e.g., high- or low-motor 
control) of interaction being considered.  
 
The Relationship between Immersion, Presence, and Episodic Memory 
The studies discussed above illustrate the fact that, in many instances, memory for 
information learned in more immersive environments tends to exceed the learning produced by 
comparatively less immersive environments. Despite this pattern, it is unclear whether this 
enhancement in memory is due to immersion itself (i.e., some beneficial property inherently tied 
to the physical characteristics of stimuli observed in more immersive settings), or rather due to 
some mediating factor which is itself influenced by manipulations of immersion. Notably, the 
concept of presence (defined above as the subjective sense of being mentally “transported” to a 
virtual setting) has frequently been tied to immersion, with the general belief that more 
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immersive environments tend to produce heightened levels of presence in subjects (e.g., Lessiter 
et al., 2001; Slater, 2003; see also Cummings & Bailenson, 2016; Slater & Sanchez-Vives, 
2016). Indeed, the very fact that the literature on this topic sometimes uses the terms immersion 
and presence interchangeably illustrates a tacit assumption about the relationship between these 
concepts (see Wilson & Soranzo, 2015).  
This relationship would suggest that more immersive virtual environments may induce 
mental states which are better suited to learning (i.e., heightened presence), and that this 
mediating property is what is truly driving any observed enhancements in memory performance. 
If so, what cognitive processes are associated with increased presence and why might these 
factors benefit memory performance? Presence is typically thought of as a multidimensional 
construct, with several factors (e.g., enjoyment, emotional engagement, naturalness of the virtual 
setting, etc.) all contributing to the overall sense of mental transportation to the virtual 
environment (see Lessiter et al., 2001). Perhaps the most critical cognitive mechanism 
underlying presence is attentional engagement with the virtual environment. Witmer & Singer 
(1998) suggest that one’s attention when using a VR-system is always divided between the 
virtual setting and the real world, and that presence is (in part) a function of how much of your 
attentional capacity is specifically directed toward the virtual environment (see also Darken et 
al., 1999). If presence is indeed a function of attentional selection, what does this suggest about 
memory effects? On the surface it seems like increased attention toward the virtual environment 
should be helpful for memory of virtual stimuli. A common finding in the (non-virtual) cognitive 
literature is that distraction during encoding typically impairs subsequent memory performance 
(for review, see Mulligan, 2008). As such, it stands to reason that a reduction in distraction by 
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the external world (presumably reflected by an increase in the feeling of presence in the virtual 
world) should lead to improved learning outcomes.  
There is some evidence for this prediction in the limited research that has examined 
immersion, presence, and memory in the same study. Lin et al. (2002) employed a Sim-VR 
(CAVE-like) apparatus and manipulated immersion by altering the Field of View (FoV) of the 
virtual environment between conditions. Larger FoVs produced both better memory and higher 
ratings of presence, and a positive correlation was observed between presence and memory (r = 
0.484, p < 0.01). However, there are several issues with this study. Notably, the methods were 
not reported to a level of detail sufficient to fully understand the nature of the memory task. It 
seems as though memory was assessed using a series of ordinally-ranked stimuli, such that 
memory was determined as being either “perfect” “partial” or “poor” (rather than simply correct 
or incorrect); however, the nature of the test questions and how performance was scored for each 
item is unclear. Additionally, it is possible that the manipulation of FoV employed in this study 
affected the number of stimuli that were perceived by subjects in the first place – after all, it 
would not be surprising to find that FoV affected memory if smaller FoVs prevented subjects 
from seeing critical to-be-remembered features of the environment in the first place. Moreover, 
although the researchers did conduct a correlational analysis between presence and memory, 
there was no mediation analysis which included immersion condition as a factor – as such, the 
relative contributions of immersion and presence to memory performance cannot be 
disentangled. These (and other)6 issues make the results of Lin et al. (2002) inconclusive with 
 
6 There are a few more issues with Lin et al. (2002) which also merit consideration. Memory in this study was 
assessed after each immersion manipulation individually with no clear distractor task between encoding and 
retrieval, thus introducing the possibility of working memory influencing accuracy and also preventing any 
possibility for a measure of source memory to be included. Additionally, subjects in this study experienced 
movement through the virtual environment via a predetermined route with no control over which portion of the 
environment was visible at any given time. As a result, subjects may have simply had more time to study objects in 
the higher FoV conditions because they were visible for a longer period of time.  
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regard to key questions concerning the interplay of immersion, presence, and memory. 
Nevertheless, it seems reasonable to predict that enhancing immersion (in this instance, 
increasing how much of a user’s visual field was dominated by the virtual environment) may 
have decreased the amount of attention subjects paid to the physical (i.e., non-virtual) world 
surrounding them during the study phase, and that selectively devoting more attentional 
resources to the virtual environment facilitated encoding.  
Despite the fairly intuitive nature of this account, there may also be reason to suspect that 
increased presence will not necessarily be beneficial for memory performance. Consider that 
manipulations which make an environment more immersive may also introduce additional task-
irrelevant information. For instance, introducing ambient sounds increases immersion (and 
presumably presence), but could including this audio be distracting for a visual memory task 
(e.g., object memory) relative to a condition without any sound? In other words, could 
manipulations of immersion which increase presence produce no observable effect on memory or 
even impair memory? Evidence on this point is mixed. Dinh et al. (1999) found that introducing 
ambient auditory cues resulted in increased levels of presence but had no effect on memory 
performance, suggesting that presence and memory may not necessarily be associated with one 
another. In contrast, Davis et al. (1999) found that including ambient audio enhanced both 
presence7 and source memory performance. However, it is worth noting that Davis et al. (1999) 
did not report any difference between immersion conditions in free recall performance for object 
memory, suggesting that the audio cues may only have been helpful inasmuch as they provided 
distinctive cues which were useful in later establishing the source of where objects were initially 
observed. As such, these findings raise the question of whether increased presence should be 
 
7 The measure of presence in this study was fairly rudimentary, consisting of only two unspecified Likert-scale 
questions (much less extensive than most generally accepted questionnaires of presence observed in the VR 
literature). 
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expected to generally improve memory of a virtual environment, or if this benefit would only 
occur in instances where the manipulation of immersion impacts elements of the environment 
which are directly relevant in the subsequent memory assessment. If the latter, the presence-
driven benefit of selectively attending to the virtual environment (at the expense of attending to 
the real-life physical environment) may be mitigated by the distracting task-irrelevant nature of 
elements which were included to increase immersion (and presence) in the first place. In other 
words, increased presence resulting from task-irrelevant manipulations of immersion might 
simply substitute divided attention between real and virtual environments with divided attention 
within the virtual environment itself, thus resulting in a null effect on memory performance.  
When investigating the relationship between immersion, presence, and memory, it is also 
important to note that immersion is only one factor that influences ratings of presence. Individual 
differences in reported presence can occur even within the same virtual environment, such that 
one subject’s experience of presence may be measurably higher than another subject’s even 
without a corresponding variation in immersion (for discussion, see Wilson & Soranzo, 2015; 
see also Slater, 2003). Likewise, VR systems with varying levels of immersion could potentially 
give rise to equivalent levels of presence between subjects. Indeed, this was the case with 
Makowski et al. (2017), in which subjects watched a movie either in 2D (less immersive) or 3D 
(more immersive) viewing conditions.8 Interestingly, while no differences in average presence or 
memory performance occurred as a result of immersion condition, a great deal of variation in 
ratings of presence was observed between participants. Moreover, ratings of presence were 
positively correlated with successful memory performance. Results like these suggest that 
 
8 Although frequently studied in relation to VR specifically, the concept of presence has been studied in other forms 
of media as well, including television and films. Despite some noteworthy distinctions between VR and the standard 
moviegoing experience incorporated in this experiment (e.g., the loss of an egocentric perspective), this study still 
illustrates an important consideration about how individual differences can impact assessments of presence.  
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interpersonal variability in reported presence between subjects is a potential issue that should be 
accounted for. How might one accomplish this? Witmer and Singer (1998) developed the 
Immersive Tendencies Questionnaire (ITQ) as a measure to quantify these individual 
differences. Researchers might choose to include the ITQ in their study to ensure that variations 
in susceptibility to heightened levels of presence between subjects can be statistically accounted 
for. Alternatively, researchers may instead elect to use a within-subjects design in their 
experiment, thus eliminating any potential effects of individual differences from the analysis 
altogether. With this option, in addition to the general benefits of increasing statistical power, 
researchers can enjoy a greater degree of experimental control by isolating immersion (the 
manipulated variable) as the primary factor influencing presence.  
Finally, it is worth briefly noting that the term presence (as discussed in research on 
virtual technology) is conceptually similar to the construct of narrative transportation discussed 
in fields such as social psychology, communications, and marketing (see Green, Brock, & 
Kaufman, 2004). Like presence, narrative transportation is also believed to be related to 
attentional engagement with the source material (Green & Brock, 2000). Although discussions of 
narrative transportation are often applied to more traditional forms of media (e.g., passages of 
written text), its conceptual similarity with presence suggests that VR may serve as a suitable 
platform for testing theories of narrative transportation in the more ecologically valid settings 
that virtual environments are capable of rendering. In turn, this observation suggests that 
research designed to elucidate the role of presence in memory performance might also prove 




The Current Study 
 It is reasonable to suggest that the construct of presence is a factor which may potentially 
mediate the relationship between immersion and memory. Nevertheless, assessments of presence 
are seldom incorporated in experiments designed to examine whether enhancing some property 
of immersion likewise improves memory performance. The small handful of experiments which 
have simultaneously included a consideration of all three of these components have failed to 
incorporate a means of analyzing this potential mediating effect and have suffered from 
important methodological limitations as described earlier. As such, the relationship between 
immersion, presence, and memory has not yet been investigated in a sufficiently thorough 
manner. An investigation of this sort would assist in determining the mechanism by which more 
immersive environments may (or may not) result in superior memory performance. Additionally, 
understanding the potential mediating role of presence may help to clear up some apparent 
discrepancies observed in prior research on immersion and memory. For instance, understanding 
this relationship may help to contextualize whether the occasional null effects of immersion on 
memory might have been due to a similar null effect of immersion on presence, or if presence 
might be enhanced by immersion even in the absence of a memory effect. 
The current experiments were designed to investigate how presence might mediate the 
relationship between several manipulations of sensory immersion and episodic memory 
performance using a Headset-VR apparatus. To mitigate any influence of individual differences 
on ratings of presence, a within-subjects design was incorporated into the study, resulting in a 
series of experiments which each featured an individual manipulation of immersion where each 
subject experienced both “high” and “low” immersiveness of a given property. Memory was 
assessed via free recall as well as with a recognition test designed to evaluate both item memory 
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and source memory. Considering that factors which influence item memory do not always 
impact source memory (and vice versa), including both measures allowed for a more thorough 
and comprehensive assessment of episodic memory in the context of manipulations of 
immersion. Instead of creating a measure of presence specific to this study, a reliable pre-
established questionnaire (described below) was selected in order to improve the appropriateness 
of comparisons made between these experimental results and the general body of research on 
presence effects. In sum, the experiments outlined below represent an effort to systematically 
manipulate several individual characteristics of immersion and subsequently examine how the 
previously observed relationship between immersion and memory might be related to the 




 The first experiment was designed to explore the relationship between immersion, 
presence, and episodic memory by using a manipulation of immersion that has previously been 
shown to impact memory performance. Specifically, the field of view (FoV) within the virtual 
environment was manipulated. Previous manipulations of FoV in virtual environments have 
often revealed a beneficial effect on memory for High-FoV conditions when compared to Low-
FoV conditions. This pattern has been demonstrated both in a highly immersive Sim-VR CAVE 
(Ragan et al., 2010; see also Lin et al., 2002) as well as in a Desktop-VR configuration 
(Richardson & Collaer, 2011). In contrast, Buttussi and Chittaro (2018) failed to find a memory 
effect between Headset-VR systems which produced different levels of FoV. However, it is 
worth noting that the immersion condition in this study utilized different VR apparatuses which 
varied not only with relation to FoV, but other immersive characteristics as well (e.g., head 
tracking and visual resolution). The current study will instead be manipulating FoV in a manner 
such that all subjects interact with the same apparatus, thus isolating FoV as the specific 
manipulation of interest.  
One practical benefit of manipulating FoV in Headset-VR is that a researcher has better 
control over the consistency of FoV for the observer. With many Sim-VR and (especially) 
Desktop-VR systems, head movement toward and away from the screen can alter a subject’s 
FoV, thus undermining the manipulation. In contrast, FoV is held constant in Headset-VR 
because the distance from the eyes to the visual display does not shift based upon the location of 
the subject’s head. Additionally, it is worth reiterating that decreasing one’s FoV necessarily 
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diminishes the portion of the virtual environment which can be viewed at any given time. 
Consequently, subjects in a Low-FoV condition may be exposed to fewer environmental 
elements of the virtual scene during encoding. This would reduce performance on a memory test 
simply by virtue of observing fewer critical stimuli, but could be misinterpreted as an effect of 
immersion on memory for studied items. To prevent this error, considerations were made in the 
current study to account for whether all objects were able to been seen in both FoV conditions 
(discussed in the Methods section). It is worth noting that the methodological features 
highlighted above control FoV more rigorously than studies which have not explicitly accounted 
for these confounding factors. As such, if a previously observed effect of FoV on memory was, 
in fact, a spurious result of these confounds, it is possible that such controls could diminish or 
eliminate the effect.  
As for presence, increasing FoV tends to result in an increased sense of presence for the 
observer (Cummings & Bailenson, 2016; Hendrix & Barfield, 1996a; Lin et al., 2002). What 
then can be said of the relationship between immersion, presence, and memory? The findings of 
Lin et al. (2002) suggest a positive relationship between presence and memory. However, as 
discussed earlier, neither the methodological characteristics nor analytical procedure of this 
experiment were sufficient to address the root questions of the current study. In consideration of 
these limitations, it is still currently unclear whether immersion itself is allowing for superior 
encoding or if presence might be a mediating factor which drives the association between 
immersion and memory. The following study was designed to investigate the relationship 




Experiment One – Methods 
Participants. Subjects were 32 undergraduate students (23 female) from UNC Chapel 
Hill participating in exchange for course credit in introductory psychology.  Color blindness was 
included as an exclusion criterion because color was a distinguishing characteristic of the virtual 
environments for source memory judgments.  
To determine the appropriate number of subjects to recruit for this study, power analyses 
were conducted (using G*Power; Faul et al., 2007) both on the effect of immersion on memory 
performance as well as the relationship between presence and memory. Averaging the observed 
effect of sensory immersion on memory across several studies9 resulted in a Cohen’s d value of 
1.06. Assuming this effect size and an alpha of 0.05, the power to detect a similar effect of 
immersion on memory is 0.99 with a sample size of 32 subjects. Previous research (i.e., Lin et 
al., 2002) has observed a significant positive correlation between presence and memory (r = 
0.484). With 32 subjects (and an alpha of 0.05), the power to detect such a relationship in the 
current study is 0.82. Thus, the sample size of 32 subjects was selected for this experiment as it 
satisfies the conventional threshold of power (i.e., 0.8) for both individual relationships of 
interest and is divisible by the total number of counterbalance conditions (detailed below).  
 Apparatus. A custom-built PC was constructed in order to render the virtual 
environments for this set of experiments. Critical system specifications are as follows: CPU 
(Intel Core i7-7700K 4.2GHz Quad-Core Processor), System RAM (16GB DDR4), and 
dedicated graphics card (GeForce GTX 1070 with 8GB GDDR5 VRAM). An HTC Vive HMD 
was used as the visual display for the virtual environments (see Figure 1). This HMD is capable 
of tracking head movements in order to update the visual display as a subject looks around the 
 
9 The following studies were included in the calculation of average effect size: Davis et al. (1999), Lin et al. (2002), 
Ragan et al. (2010), Richardson and Collaer (2011), Schöne, Wessels, & Gruber (2017), and Wallet et al. (2011). 
30 
virtual setting. The virtual environments themselves were created using the Unity3D game 
engine (software which is free of cost for non-commercial use). 
 Questionnaires. In order to assess the construct of presence in this study, the ITC-Sense 
of Presence Inventory (ITC-SOPI) was administered (Lessiter et al., 2001). This validated 
questionnaire has been cited hundreds of times and has been applied to a variety of media 
platforms (including several varieties of VR as well as more traditional forms of media like 
television and movie theaters). The questionnaire consists of 44 items with responses made on a 
1- to 5-point Likert scale. Three of these questions address features which were not present in the 
current experiment (e.g., the existence of virtual characters) and, as such, were not included in 
this study (as subjects would have no basis upon which to evaluate and respond to these items). 
Therefore, the ITC-SOPI administered in this study consisted of the remaining 41 items. These 
items are split into four subcategories intended to assess specific properties related to presence: 
(1) Sense of Physical Space, which directly addresses the sense of “being there” experienced by 
subjects (i.e., the experience of being physically transported to the virtual environment); (2) 
Engagement, which assesses how interested and involved the subject was in the task of 
experiencing the virtual environment; (3) Ecological Validity, wherein subjects indicate the 
extent to which the virtual environment seems believable and lifelike; and (4) Negative Effects, 
which accounts for adverse physiological reactions such as nausea or dizziness that are common 
to simulation sickness.10 Each of these subcategories has demonstrated high levels of internal 
reliability (Cronbach’s alpha), ranging from 0.76 (Ecological Validity) to 0.94 (Sense of Physical 
Space). Additionally, a set of Pearson correlations revealed strong positive intercorrelations 
 
10 The occurrence of simulation sickness in VR settings is well-documented (particularly in Headset-VR; see 
Sharples et al., 2008), and could potentially result in distracting subjects who are attempting to encode information 
about a virtual environment.  Therefore, including this component of the ITC-SOPI allowed for a consideration of 
the prevalence of such adverse reactions in the current study and made it possible to assess the extent to which 
simulation sickness might influence memory performance.  
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between these first three factors (i.e., all but Negative Effects); therefore, the average scores from 
each of these categories were combined in order to create a composite measure of presence with 
scores ranging from 1 (lowest presence) to 5 (highest presence).11   
Like most presence questionnaires, the ITC-SOPI is administered after the VR experience 
has concluded rather than during virtual interactivity. Indeed, it can be reasonably concluded that 
administration of a presence assessment during a VR experience would necessarily reduce a 
user’s presence by virtue of directing attention away from the virtual environment. In fact, due to 
the temporal delay between the experience of a presence-inducing event and its measurement, 
such assessments might actually be better thought of as measuring memory of presence. This 
observation suggests an interesting potential link between research on VR presence and episodic 
memory research more broadly. For instance, the Memory Characteristics Questionnaire (MCQ; 
Johnson et al., 1988) was developed to quantify several subjective characteristics of a 
participant’s memory for an autobiographical event, and has since been adapted by researchers to 
evaluate certain qualities of mentally simulated events (e.g., De Brigard & Giovanello, 2012). 
Upon inspection, many of the dimensions measured by the MCQ (e.g., vividness, sensory details, 
spatial knowledge, and emotional arousal) seem to closely parallel characteristics often measured 
by presence questionnaires. As such, although it was not specifically designed for VR research, 
certain elements of the MCQ might be inadvertently tapping into the construct of presence. 
Therefore, the MCQ was adapted for use in the current study by selecting questions which were 
applicable to a recent experience in a virtual environment. The adapted questionnaire consisted 
of 14 questions total, each with a 1- to 7-point Likert scale (see Appendix A). The responses 
 
11 Please note that the ITC-SOPI was not included in the Appendices due to copyright restrictions on reproduction 
and distribution. 
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from 12 of these questions12 were averaged together to create a single score ranging from 1 
(lowest presence) to 7 (highest presence). 
 Previous exposure to virtual environments has also been shown to influence memory 
performance in VR settings (e.g., Tortell et al., 2007), and as such was assessed in this study via 
self-report questionnaire. Questionnaires of this sort often use video gaming experience as a 
proxy for exposure to virtual environments. The specific questionnaire for this study was adapted 
from Richardson and Collaer (2011) and included the following five questions: (1) “How often 
do you presently play video games?” (1: Daily, 2: Weekly, 3: Monthly, 4: Yearly, 5: Never); (2) 
“How many hours per week do you currently spend playing video games?” (1: None, 2: 1–3 
hours, 3: 4–6 hours, 4: 7–9 hours, 5: 10+ hours); (3) “When you were most active in playing 
video games, how often did you play?” (same response options as Question 1); (4) “When you 
were most active in playing video games, how many hours per week did you play?” (same 
response options as Question 2); and (5) “How often have you played virtual reality games with 
3-D graphics, in which you travel through a life-like environment?” (1: Many times, 2: 
Occasionally, 3: Rarely, 4: Never) (see Appendix B). In order to create a composite score of 
video gaming experience, items 1, 3, and 5 were reverse-coded and the scores for all items were 
averaged together. The resulting scale ranged from a minimum of 5 to a maximum of 24, with 
higher scores on the composite metric indicating more frequent exposure to video games. 
Additionally, to assess exposure to the specific type of apparatus being used in this study (i.e., an 
HMD), the following yes/no questions were added: “Prior to this experiment, have you ever used 
a Virtual Reality headset apparatus?”, and “Do you personally own a Virtual Reality headset 
 
12 Two of the questions (#9 and #11) were designed to measure emotional valence (1 = negative, 7 = positive), and 
as such were not included in the MCQ average as these would not correspond as clearly to an experience of presence 
(particularly if a subject had a strongly negative experience). However, emotional arousal was assessed by other 
items in the MCQ which were included in the average score. 
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apparatus?”. Finally, gender effects are sometimes reported in studies of memory in virtual 
environments (e.g., Plancher et al., 2013; Waller, Hunt, & Knapp, 1998; cf. Sandamas & 
Foreman, 2003). Therefore, a final self-report question regarding the subject’s sex was affixed to 
the previous questionnaire to assess whether any such differences emerged in this study.  
 Design. FoV was the manipulated property of immersion and resulted in the creation of 
two conditions: environments with High- and Low-FoV. The High-FoV condition featured the 
maximum horizontal FoV produced by the HTC Vive headset (~110°), whereas the horizontal 
field of view was reduced by approximately one-third in the Low-FoV condition (~74°).13 This 
FoV reduction was achieved by programming a set of “virtual blinders” to eliminate a subject’s 
view of the left and right periphery while inspecting the virtual environment (see Figure 2). This 
manipulation took place within-subjects (counterbalanced for order).  
Materials. Three virtual environments were constructed for this study. A simple room 
was designed for use in the familiarization phase to acclimate subjects to the VR headset prior to 
the study environments (see Figure 3). The study environments took the form of two distinct 
rooms (Room A and Room B) which were distinguished in terms of both spatial layout and color 
(see Figures 4 and 5). These distinctions were included as a reference for subjects to perform 
source memory judgments during retrieval. Moreover, each virtual room was programmed to 
have either Low-FoV or High-FoV to allow for counterbalancing across subjects. As such, each 
subject viewed both rooms once with the level of immersion varying between these two rooms. 
During study, the subjects observed the virtual environment from a stationary viewpoint in the 
center of the virtual room, thus allowing exploration of the environment via head movements and 
body rotation but not locomotion. This mode of virtual observation is similar to that used in 
 
13 Horizontal FoV in the Low-FoV condition was calculated by comparing a 2D rendering of the view produced by 
each lens of the VR headset in Low-FoV with a matching rendering of the same virtual environment while in High-
FoV (see Figure 2). 
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previous studies of Headset-VR (e.g., Mania, Robinson, & Brandt, 2005; Mourkoussis et al., 
2010).  
Critical stimuli consisted of 80 3D objects obtained from online repositories of virtual 
assets (i.e., the Unity Asset Store, and Google Poly; see Appendix C for object lists). Objects 
were placed in various locations throughout the virtual rooms. These objects were randomly 
divided into two equal sets, such that half of the items were designated as old-items in the 
recognition task, and the other half were assigned as new (i.e., unstudied) items. Each of these 
sets were then further subdivided into two sets, each assigned to one of the virtual rooms (A or 
B). The resulting four sets of critical items were counterbalanced such that each appeared equally 
often in the old and new conditions. In conjunction with the previously stated counterbalancing 
of immersion condition (Low-FoV then High-FoV vs. High-FoV then Low-FoV), this resulted in 
a total of eight counterbalance groups.  
 The recognition test consisted of all 80 items (40 old, 40 new) presented individually and 
in a randomized order. In order to present each item in isolation and from the same viewing 
angle as was observed during the study phase, the recognition test occurred outside the virtual 
environment (specifically, on a standard desktop interface). Test stimuli consisted of images of 
each of the objects presented in isolation and without any surrounding information about the 
environmental context in which the item was originally observed (e.g., the color of the wall or 
spatial location in the room).  
Procedure. The experiment consisted of two study phases followed by two memory 
assessments (free recall and recognition). Before the first study phase, subjects were seated in a 
swivel chair located in a fixed point at the center of the room, thus allowing for 360° horizontal 
rotation and 180° vertical rotation from a fixed location when observing the virtual environment 
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(Figure 1). At this point, the experimenter then assisted with placing the HMD on the subject’s 
head, revealing an initial visual display of a virtual environment which is empty with the 
exception of a few non-critical objects (Figure 3). The FoV in this preliminary environment was 
the same as in the High-FoV condition. This simple preliminary environment was designed to 
provide subjects with an opportunity to familiarize themselves with the features of the VR 
apparatus (e.g., the weight of the headset, how to look around using the swivel chair, etc.) prior 
to the start of the first study phase, thus minimizing the relative novelty of the apparatus between 
the two study phases.   
The first study phase began with subjects viewing the first virtual room (Room A) 
without any of the critical objects present (Figure 4a). This period lasted for 60 seconds and was 
intended to both further familiarize subjects with how to look around in the virtual environment 
as well as to acclimate them to the specific characteristics of the immersion condition and the 
room itself. Subjects were encouraged to fully explore the environment during this stage and 
familiarize themselves with the features of the room itself. Immediately following this period, 
the 20 selected critical objects simultaneously appeared in several predesignated locations 
throughout the previously “empty” environment (Figure 4b). This period lasted for 120 
seconds.14 Subjects were explicitly instructed to use this entire period to carefully study each 
item and to closely inspect all areas of the room. Subjects were also notified that their memory 
for the objects placed in the room would be assessed on a later memory test. After this study 
phase concluded, the experimenter assisted the subjects in removing the HMD. The subjects 
were then instructed to complete a pen-and-paper copy of the ITC-SOPI and MCQ regarding the 
virtual environment they just experienced.  
 
14 Pilot testing revealed that this was enough time for subjects to verbally recognize all 20 objects within each set of 
critical stimuli while under the constraint of Low-FoV. 
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The second study phase was identical to the first except with the new virtual room (Room 
B) and immersion condition. Following the second study phase, the ITC-SOPI and MCQ were 
once again administered with subjects instructed to respond to these items with regard to the 
most recent VR experience (i.e., only the second study phase). Additionally, the virtual 
environment exposure questionnaire was also administered at this time. To ensure a fixed 
retention interval, subjects were given 10 minutes to complete these questionnaires with any 
remaining time spent completing as many items on a sheet of arithmetic problems as possible. As 
such, the questionnaires and math problems following the second study phase provided a fixed 
buffer between study and retrieval and, as such, served as the distractor phase of the experiment.  
After completing the second set of questionnaires, memory assessments were 
administered. First, subjects were tested on their memory for the previously observed objects via 
a free recall test. Pilot testing revealed that subject performance on the item memory component 
of the recognition test (i.e., old vs. new) resulted in a ceiling effect. Therefore, a free recall test 
was included as an additional measure of item memory which was expected to produce more 
interpretable levels of performance. Subjects were provided with a lined sheet of paper and 
instructed to write down the names of all of the objects they remembered seeing in the previous 
virtual environments. Subjects were given a total of five minutes to list as many critical objects 
as possible.  
Immediately after the free recall test, recognition memory was assessed. On each trial, 
subjects observed a single item on the computer screen (see Figure 6 for examples). Subjects 
were instructed to indicate whether each test item was old (i.e., previously seen in the study 
phase) or new and, if old, which environment it was observed in (i.e., Room A or B). Subjects 
were reminded about the color that distinguished each virtual environment during the study 
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phase (e.g., Room A was described as “the room with the blue walls”). The subjects were 
instructed to press the “1” key if the object was old and in Room A, the “0” key if the object was 
old and in Room B, and the “N” key if the object was not observed in either of the virtual 
environments (i.e., new). The recognition test was self-paced and subjects were encouraged to 
take their time and be as accurate as possible. After each response, a blank screen occurred for 
200ms, followed by the subsequent test item.  
To ensure that all objects were actually visible during the study phases, the virtual feed of 
each session (i.e., what the subjects saw in VR) was recorded and later observed by the 
experimenter. This was done in order to determine whether all study items were in the subjects’ 
FoV at some point during encoding. Specifically, critical items were considered visible to the 
subject in cases where the entirety of the object appeared in the feed for both eyes 
simultaneously (thus excluding more peripheral items).15 This evaluation was included to 
provide us with the ability to disambiguate between observed objects that were not later 
recognized and objects that were never seen in the first place. Data could then be conditionalized 
such that any items that were not visible to subjects during the study phase were removed from 
subsequent analyses of memory performance. However, throughout the entire project subjects 
were found to have successfully observed all objects regardless of which room, critical item set, 
or immersion condition they occurred in. Therefore, no such conditionalization procedure was 
necessary during the analysis of any of the experiments included in this project. Consequently, 




15 Although pilot testing revealed that subjects were capable of observing all objects in the allotted time, recording 
the virtual feed allowed for a subject-specific account of what was observed during each trial. 
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Experiment One – Results 
For the overall correlational analyses included in this section (e.g., the correlation of ITC-
SOPI Composite scores and MCQ scores), the values were averaged across immersion 
conditions such that a single score was computed for each subject on each variable. While 
computing correlations in this manner makes the results more easily interpretable, we wanted to 
ensure that the outcomes of such correlations were generally consistent with the results produced 
when High- and Low-Immersion values were evaluated separately. Appendix D lists all of the 
correlational analyses for each of the experiments included in this study, both with separate 
analyses for each immersion condition as well as the correlations which used the averaged 
values. In 27 out of 30 correlations which evaluated immersion conditions separately, the 
outcome of significance testing was identical to the analysis which incorporated average values. 
Moreover, there were no instances in which significance testing for both of the individual 
correlations was inconsistent with the averaged correlation, nor was there an instance in which 
significant correlations were produced in opposite directions on a given analysis. Therefore, with 
the exception of correlational analyses which were specifically designed to evaluate differences 
in performance between High- and Low-Immersion, the correlations of overall values reported in 
this manuscript utilized averaged values across immersion conditions.  
Measures of Presence.  Subject ratings on the ITC-SOPI Composite measure of presence 
revealed no difference between the High-FoV (M = 3.314, SD = 0.454) and Low-FoV (M = 
3.314, SD = 0.528) conditions, t(31) = -0.009 , p = 0.993.16 However, the MCQ detected 
significantly higher values in the High-FoV condition (M = 4.917, SD = 0.628) than the Low-
FoV condition (M = 4.711, SD = 0.630), t(31) = -2.494, p = 0.018. Although there may be some 
 
16 An alpha level of 0.05 was applied to all statistical tests to evaluate significance. 
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trend, no significant relationship was found between MCQ and the ITC-SOPI Composite 
measure of presence (r(30) = 0.309, p = 0.086).    
Free Recall.  Written responses on the free recall assessment were scored by one of two 
judges. To ensure a high level of inter-rater reliability, both judges independently evaluated the 
recall tests of the first 12 subjects for comparison. Scores were strongly correlated between the 
judges for both High FoV (r(10) = 0.983, p < 0.001) and Low FoV (r(10) = 0.997, p < 0.001) 
items, indicating a high level of consistency in evaluating the free recall responses.  
 The average number of intrusions was low (M = 0.250, SD = 0.508), indicating that very 
few subject responses were identified as not belonging to either virtual environment. The 
proportion of correct free recall responses did not significantly differ between the High-FoV (M 
= 0.613, SD = 0.197) and the Low-FoV (M = 0.592, SD = 0.175) viewing conditions, t(31) = -
0.523, p = 0.604. The relationship between overall free recall performance and presence was 
found to be positive for both the ITC-SOPI Composite score (r(30) = 0.483, p = 0.005) and the 
MCQ (r(30) = 0.387, p = 0.029) presence measures.  
A possibility raised by prior research is that increases in presence lead to increases in 
memory performance. However, the difference in presence scores between immersion conditions 
(i.e., High-FoV minus Low-FoV presence values for each subject) did not correlate with a 
difference in free recall performance, regardless of whether the ITC-SOPI Composite score 
(r(30) = 0.016, p = 0.931) or the MCQ (r(30) = 0.226, p = 0.215) was used as the measure of 
presence. So, despite the fact that presence is correlated with memory performance on average, 
changes in presence were not measurably related to changes in memory.  
 Recognition.  The recognition assessment was maintained in this study primarily as a 
means to assess source memory performance, as pilot testing indicated that item memory 
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performance was at ceiling on the recognition test. However, for completeness, we begin by 
reporting the measure of item memory (i.e., old vs. new) included in this retrieval task. 
Consistent with pilot testing, the proportion of hits on the recognition test was high in both the 
High-FoV (M = 0.942, SD = 0.074) and Low-FoV (M = 0.952, SD = 0.078) conditions, and the 
false alarm rate was low (M = 0.038, SD = 0.042). Scores were converted to d’ values and 
compared between immersion conditions, revealing no significant difference in performance 
(t(31) = 1.077, p = 0.290). Thus, varying a subject’s FoV did not result in improved performance 
on an old vs. new recognition task. However, it should be noted that the ceiling-level 
performance in old/new recognition memory renders this evaluation of item memory less 
interpretable than the free recall results discussed earlier.  
 Source memory performance on the recognition test was calculated using the 
identification-of-origin (IO) score detailed in Johnson, Hashtroudi, and Lindsay (1993). In short, 
IO scores represent the proportion of objects correctly recognized as old that were also attributed 
to the correct virtual environment (i.e., P(source correct | hit)). Source memory for both High-
FoV (M = 0.870, SD = 0.136) and Low-FoV (M = 0.882, SD = 0.121) were significantly better 
than chance-level performance of 0.5 (ps < 0.001). Moreover, while performance was well above 
chance it was also not at ceiling, making the source memory results of the recognition test more 
clearly interpretable than its assessment of item memory. However, there was no significant 
difference in source memory performance between immersion conditions (t(31) = 0.518, p = 
0.609). Furthermore, there was no significant relationship between overall source memory and 
presence (ITC-SOPI Composite: r(30) = 0.267, p = 0.139; MCQ: r(30) = 0.072, p = 0.694), nor 
was there a correlation between the difference scores (High-FoV minus Low-FoV) of source 
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memory and presence (ITC-SOPI Composite: r(30) = 0.148, p = 0.419; MCQ: r(30) = -0.292, p 
= 0.106).  
 
Experiment One – Discussion 
Experiment One produced no difference in item memory performance between the High- 
and Low-FoV conditions, regardless of whether it was assessed via free recall or recognition. 
Additionally, source memory was likewise unaffected by immersion condition. Furthermore, 
increases in presence between immersion conditions did not correlate with a corresponding 
change in either item or source memory performance. In consideration of these key findings, the 
preconditions for a mediation analysis were not met in the current experiment.  
 It is worth reiterating how several features of the current study were designed to account 
for potential confounds. These considerations served to isolate FoV as the operative variable 
more comprehensively than some previous research has done. For instance, the inclusion of pilot 
testing and subject-specific recording of VR video feed in the current study allowed us to 
account for the general ability of subjects to view and identify all of the objects included in the 
environments in both FoV conditions. These considerations revealed that subjects were indeed 
able to perceive all critical objects regardless of FoV level. As such, we eliminated the 
possibility of confounds in memory performance resulting from whether or not a participant 
actually observed the object in question (which, if present, might have been erroneously 
attributed to an effect of immersion on memory). Additionally, the use of a Headset-VR 
apparatus ensured that FoV remained static throughout each individual study condition 
regardless of head movement (as the visual display of an HMD maintains a constant distance 
from the eyes). Moreover, the within-apparatus manipulation of FoV in Headset-VR allowed us 
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to isolate FoV as the only immersive characteristic varying between conditions more cleanly 
than between-apparatus manipulations (wherein HMDs may vary not only with regard to FoV, 
but potentially on other characteristics like head-tracking, resolution, and comfort as well). 
Therefore, the current study appears to indicate that increased FoV may not be associated with a 
corresponding improvement in item or source memory performance – a finding which contrasts 
with benefits which have been found on tasks of spatial learning (Richardson & Collaer, 2011), 
memory for environmental features (Lin et al., 2002), and learning a procedural sequence of 
events (Ragan et al., 2010; but see Buttussi & Chittaro, 2018).  
 Despite the lack of any clear relationship here between immersion and memory, a few 
findings regarding presence in this experiment merit consideration. First, while the ITC-SOPI 
Composite score was not affected by this manipulation of immersion (indeed, the average score 
was nearly identical in both FoV conditions), the MCQ detected higher values in the High-FoV 
condition than the Low-FoV condition. Considering that the MCQ is seldom incorporated in VR 
research (cf. Hoffman, Hullfish, & Houston, 1995), it is interesting to note that it appears capable 
of detecting something phenomenologically similar to presence in an instance where the ITC-
SOPI did not. Moreover, while the correlational trend between the overall ITC-SOPI and MCQ 
scores did not meet the threshold of significance, it offers some preliminary support for the 
notion that further investigation on the utility of the MCQ in VR research may be a fruitful 
avenue of future study. The subsequent experiments provide additional data relevant to this 
issue, so further speculation on this point will be deferred until later in this paper. 
 Another interesting result was the positive relationship between overall free recall 
performance and presence (as measured by either the ITC-SOPI or the MCQ). In the absence of 
any direct effect of immersion on memory, how might we interpret this finding? It is worth 
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remembering that immersion is only one factor that is known to influence presence. In particular, 
there are individual differences in the amount of presence experienced in response to any given 
virtual environment, such that two people experiencing an identical level of immersion can 
report differences in presence (just as two people experiencing the same film or book may 
experience different levels of engagement with the story). With this in mind, is it possible that 
subjects who are more prone to experience higher levels of presence are also generally capable 
of superior encoding in virtual environments? Although it is important to exercise caution when 
interpreting correlational results, this possibility seems somewhat intuitive given the proposed 
association between presence and attentional engagement. However, it remains to be seen if this 
relationship between presence and memory is somehow unique for FoV manipulations of 




 While the previous experiment featured a manipulation of immersion based on varying 
levels of visual fidelity (specifically FoV), one might reasonably wonder how the occurrence (or 
absence) of non-visual stimuli during study might influence the relationship between immersion, 
presence, and memory for visually presented objects. On one hand, it seems possible that the 
presentation of extraneous non-visual information might distract subjects attempting to encode 
visual stimuli, thus reducing memory performance. Alternatively, background sounds presented 
during study should increase the sense of presence experienced within the virtual environment 
(see Hendrix & Barfield, 1996b) which may, in turn, facilitate encoding. Moreover, the inclusion 
of sound in one of the environments may improve source memory by providing another basis 
(beyond the visual characteristics of the room) for distinguishing the sources.  
To investigate these possibilities, Experiment Two was designed to assess the 
relationship of non-visual immersion on both presence and memory performance for objects 
observed in a virtual environment. To accomplish this, Experiment Two featured the inclusion of 
ambient sounds during the study phase of one virtual environment, but not the other. Previous 
Headset-VR research by Davis et al. (1999) suggests that the inclusion of high-quality ambient 
audio during study can improve source memory performance, although the potential mediating 
effect of presence on this relationship is not yet clear. Therefore, a key objective of Experiment 
Two was to more precisely determine how manipulating immersion through the inclusion of 
ambient sounds in a virtual environment might contribute to ratings of presence, episodic 
memory performance, and their relationship to one another.  
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Experiment Two – Methods 
 With the exception of the details noted below, the methods employed in Experiment Two 
were identical to Experiment One. 
Participants. Subjects were 32 undergraduate students (26 female) from UNC Chapel 
Hill participating in exchange for course credit in introductory psychology.  
Apparatus. While the apparatus was identical to the one used in Experiment One, in this 
experiment the headphones attached to the headset were used to produce sounds in the high-
immersion condition. For consistency, the headphones were placed over the subjects’ ears in 
both study rooms regardless of immersion condition. This was done to ensure that extraneous 
factors unrelated to immersion (e.g., any unique sensory experience caused by wearing 
headphones) were not conflated with the manipulation of interest. 
Design. Sound was the manipulated property of immersion and resulted in the creation of 
two conditions: a high-immersion condition in which the virtual environment was observed with 
the inclusion of ambient audio (the “Audio” condition) and a low-immersion condition that was 
visual-only (the “Silent” condition). FoV was the same between both of these conditions and was 
equivalent to the High-FoV condition in Experiment One. The sound file used in the Audio 
condition was characterized by natural outdoor sounds (e.g., birds chirping and a light breeze) at 
a mild and consistent volume (i.e., no loud or startling noises). Moreover, because spatialized 
sound sources have been found to increase presence more than non-spatialized sound (e.g., 
Hendrix & Barfield, 1996b), the audio file was presented in stereo and localized to a fixed point 
in the environment. To provide a visual feature of the environment which meaningfully 
corresponded with the sound and its location, a window was added to both Rooms A and B 
which revealed an exterior of sky, clouds, and treetops (see Figures 7 and 8). While each subject 
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only heard audio in one of the rooms, the windows were present in both study environments to 
ensure that any effects on presence and memory were specifically associated with the occurrence 
or absence of sound (rather than being confounded by some effect produced by the 
inclusion/exclusion of windows as a room feature). Finally, free recall and recognition 
assessments were identical to Experiment One (i.e., no audio stimuli presented during retrieval). 
 
Experiment Two – Results 
 It should be noted that both the ITC-SOPI and the MCQ included a question that was 
directly related to the quality of sound in the virtual environment. As such, there was a concern 
that large differences in responses on these particular items could have inflated the difference in 
reported presence between immersion conditions in this experiment, thus obscuring results. 
Consequently, presence was computed in two ways, with and without these specific sound-
related questions. As it turned out, all analyses produced the same conclusions regardless of 
which measure of presence was used. Therefore, all values and tests reported below represent 
analyses where these questions were maintained in the MCQ and ITC-SOPI (as they were in the 
other experiments reported in this manuscript).  
Measures of Presence.  Subject ratings on the ITC-SOPI Composite measure of presence 
revealed higher levels of presence in the Audio condition (M = 3.459, SD = 0.546) than in the 
Silent condition (M = 3.161, SD = 0.544), t(31) = -3.395, p = 0.002. Likewise, the MCQ detected 
significantly higher values of presence in the Audio condition (M = 5.169, SD =0.582) than in 
the Silent condition (M = 4.599, SD = 0.542), t(31) = -5.586, p < 0.001. As with Experiment 
One, no significant relationship was observed between the average scores on the MCQ and ITC-
SOPI Composite measures of presence, r(30) = 0.171, p = 0.348.  
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 Free Recall.  The average number of intrusions was low (M = 0.344, SD = 0.745). The 
proportion of correct free recall responses did not significantly differ between the Audio (M = 
0.600, SD = 0.188) and the Silent (M = 0.591, SD = 0.148) immersion conditions, t(31) = -0.305, 
p = 0.762. Moreover, no relationship was found between overall free recall performance and 
presence as measured by either the ITC-SOPI Composite score (r(30) = 0.021, p = 0.907) or the 
MCQ (r(30) = -0.189, p = 0.300).  Finally, the difference in presence scores between immersion 
conditions (i.e., Audio minus Silent presence values for each subject) did not correlate with a 
difference in free recall performance, regardless of whether the ITC-SOPI Composite score 
(r(30) = 0.189, p = 0.301) or the MCQ (r(30) = 0.067, p = 0.716) was used as the measure of 
presence.  
 Recognition.  As with Experiment One, the proportion of hits on the recognition test was 
high in both the Audio (M = 0.941, SD = 0.071) and Silent (M = 0.947, SD = 0.067) conditions, 
and the false alarm rate was low (M = 0.041, SD = 0.044). Scores were converted to d’ values 
and compared between immersion conditions, revealing no significant difference in performance 
(t(31) = 0.470, p = 0.641), though the interpretability of this result is once again obscured by the 
presence of a ceiling effect. 
Source memory (IO scores) was calculated as in Experiment One, and both the Audio (M 
= 0.862, SD = 0.137) and Silent (M = 0.905, SD = 0.107) conditions resulted in performance 
which was significantly above chance (ps < 0.001). However, there was no significant difference 
in source memory performance between immersion conditions (t(31) = 1.952, p = 0.060) – 
indeed, to the extent that there was any difference in performance there was a marginal trend 
favoring source memory in the low immersion condition. Furthermore, there was no significant 
relationship between overall source memory and presence (ITC-SOPI Composite: r(30) = -0.251, 
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p = 0.166; MCQ: r(30) = -0.101, p = 0.586), nor was there a correlation between the difference 
scores (Audio minus Silent) of source memory and presence (ITC-SOPI Composite: r(30) = 
0.020, p = 0.913; MCQ: r(30) = -0.070, p = 0.703).  
 
Experiment Two – Discussion 
 Although not identical, many of the key results from this experiment mirror those 
obtained in Experiment One. Notably, no significant difference in item memory was detected 
between the Audio and Silent conditions. Likewise, source memory performance did not 
significantly vary due to the immersion manipulation, though a marginally significant effect 
surfaced which actually favored performance in the Silent condition (a trend inconsistent with 
Davis et al., 1999). Finally, differences in reported presence between immersion conditions once 
again failed to correlate with any metric of memory performance included in this study. 
Therefore, the preconditions for a mediation analysis were once again unmet in the current 
experiment. However, it is worth noting that the ITC-SOPI Composite score and MCQ both 
independently detected higher levels of presence in the Audio condition. This enhancement in 
presence for a bimodal (audiovisual) virtual environment relative to a unimodal (visual-only) 
environment is consistent with prior research (e.g., Davis et al., 1999; Dinh et al., 1999; Hendrix 
& Barfield, 1996b). 
How can we reconcile the occurrence of a clear increase in presence between immersion 
conditions in the absence of a commensurate increase in memory performance? One could 
consider whether this pattern of results might be attributed in some way to any unique 
characteristics of the auditory stimulus itself. However, it seems unlikely that the natural outdoor 
ambient sounds would be especially detrimental to memory performance. Indeed, to the extent 
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that any effect might be attributed to the particular characteristics of this audio selection there is 
evidence suggesting that nature sounds (relative to urban or manmade sounds) may be especially 
effective at enhancing attentional engagement and working memory function (Van Hedger et al., 
2018).  
An alternative explanation for the null results on the recognition test may be the 
systematically differing levels of context reinstatement during retrieval. Specifically, high-
immersion (Audio) objects were observed bimodally during encoding and unimodally during 
retrieval, whereas low-immersion (Silent) objects were visual-only both during study and test. 
The principle of transfer-appropriate processing (or TAP) proposes that memory performance is 
superior when conditions during retrieval match those present during encoding (Morris, 
Bransford, & Franks, 1977). With this in mind, could recognition performance for objects 
studied in the Audio condition have been dampened as a result of a mismatch in the number of 
expressed sensory modalities? While these circumstances may be responsible for some impact on 
memory, it seems doubtful that this explanation could sufficiently account for the lack of an 
immersion-driven benefit of memory on its own. Consider that the recognition test was taken 
outside of VR (on a standard desktop), and as such the test stimuli varied from the studied 
objects on a variety of dimensions for both immersion conditions equally (e.g., absence of 
stereoscopy, apparent distance between the observer and the object, and spatial details of the 
environment where the object was initially studied). Even if an additional mismatch between 
encoding and retrieval could have further dampened results, it is unclear how this could have 
affected recognition performance so drastically on its own that a benefit of reduced immersion 
on memory was nearly obtained for source memory. While the effect of TAP on memory 
research in VR certainly merits direct exploration in future research, it seems doubtful that this 
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account could sufficiently explain the absence of a benefit for memory performance in the Audio 
condition.  
Perhaps a more plausible explanation lies in a consideration of how this audio might have 
been distracting during encoding. Care was taken to select an auditory stimulus which was not 
clearly semantically related to any of the objects being studied – for instance, background music 
was not chosen for this study as this may have been associated with critical objects such as the 
stereo system or an instrument (thus confounding the results of the memory assessments). 
Moreover, although steps were taken in order to carefully integrate this sound into the study 
environments in a way that was as naturalistic as possible, the fact remains that the critical 
stimuli were specifically visual in nature. As such, it stands to reason that the introduction of any 
ambient sound which is semantically unassociated with studied items is inherently task-
irrelevant, and thus it possible that any attention devoted to this sound may have disrupted 
encoding (even though subjects were given 60 seconds to acclimate to the sound before studying 
objects). In other words, while the occurrence of ambient audio appears to have increased 
engagement with the virtual environment relative to the subjects’ real-world surroundings (as 
indicated by presence scores), the task-irrelevant nature of the auditory stimulus may have also 
effectively divided attention within VR during encoding relative to subjects who were only 




Whereas the previous experiments were designed to explore the relationship between 
immersion, presence, and memory using manipulations of immersion previously shown to 
enhance memory, Experiment Three employed a manipulation which has not reliably 
demonstrated a benefit on episodic memory. Namely, this experiment featured a manipulation of 
the sophistication of environmental lighting effects in virtual environments. Previous studies 
assessing memory performance resulting from manipulations of lighting quality in Headset-VR 
have failed to show increased memory performance when comparing a realistically illuminated 
environment (High-Quality) with an environment featuring even lighting on all surfaces (Low-
Quality; Mania et al., 2010; Mania, Robinson, & Brandt, 2005).  
Although memory has not been shown to benefit from increased quality of lighting 
effects, might this property of immersion have an impact on a subject’s level of presence? 
Evidence on whether realistic illumination affects presence has been somewhat mixed. Mania 
and Robinson (2004) observed no significant variations in ratings of presence across three 
conditions which varied in the realism of lighting effects for a given virtual environment. In light 
of this finding, it is perhaps unsurprising that no effect of illumination quality on memory was 
observed in their subsequent research (e.g., Mania, Robinson, & Brandt, 2005) – if presence is 
indeed a factor which can mediate the relationship often observed between immersion and 
memory, then it is reasonable to assume that a property of immersion that fails to influence 
presence should likewise have no effect on memory performance. In contrast, other research has 
demonstrated that increasing the realism of lighting effects (e.g., the inclusion of shadows) does 
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indeed enhance a user’s rating of presence in a virtual environment (Slater et al., 2009; 
Khanna et al., 2006; see also Slater, Usoh, & Chrysanthou, 1995). These findings raise an 
alternative explanation concerning the relationship between presence and memory: perhaps this 
manipulation of immersion prompts an increase in presence in the absence of any effect on 
memory, suggesting that these two concepts may be independent in the context of certain 
manipulations of immersion. Indeed, this suggestion would be consistent with the outcome of 
Experiment Two, wherein increased immersion enhanced presence but had no effect on memory. 
Another possibility is that these same environments which enhanced presence via the inclusion 
of higher-quality lighting effects would have also enhanced memory; however, no memory 
assessment was included in these experiments. 
As none of the aforementioned studies on the effect of lighting quality on presence 
included a measure of memory performance, it is unclear what form the relationship between 
presence and memory might take with regard to this manipulation of immersion. Therefore, the 
following experiment was created in order to disentangle these contrasting possibilities and 
further examine the relationship between immersion, presence, and memory. 
 
Experiment Three – Methods 
With the exception of the details noted below, the methods employed in Experiment 
Three were identical to Experiment One.  
Participants.  Subjects were 32 undergraduate students (25 female) from UNC Chapel 
Hill participating in exchange for course credit in introductory psychology.  
Design.  Lighting quality was the manipulated property of immersion and resulted in the 
creation of two conditions: High-Quality and Low-Quality lighting. Specifically, the High-
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Quality condition featured lighting which caused shadows and variable illumination throughout 
the environment with relation to a central source of light placed on the ceiling (see Figures 9a 
and 10a). As such, this condition realistically simulates how light emanating from a fixed point 
would be expected to act in natural environments. Notably, the lighting effects in the High-
Quality condition were the same as those incorporated in Experiments One and Two. In contrast, 
the Low-Quality condition was characterized by flat lighting, such that all surfaces in the 
environment were equally illuminated (thus precluding the occurrence of shadows or a gradient 
of brightness relative to a specific source of illumination; see Figures 9b and 10b). The resulting 
effect was a condition which is visually unrealistic – indeed, a perfect real-world analogue of the 
visual characteristics portrayed in this environment would be impossible to create. Finally, and 
as with Experiment Two, FoV was the same between both of these conditions and was 
equivalent to the High-FoV condition in Experiment One.  
 
Experiment Three – Results  
 Measures of Presence.  Subject ratings on the ITC-SOPI Composite measure of presence 
revealed no difference between the High-Quality (M = 3.182, SD = 0.693) and Low-Quality (M 
= 3.094, SD = 0.669) lighting conditions, t(31) = -1.289, p = 0.207. Likewise, no difference 
between High-Quality (M = 4.651, SD = 0.658) and Low-Quality (M = 4.602, SD = 0.696) 
conditions was detected by the MCQ, t(31) = -0.681, p = 0.501. However, while the ITC-
Composite and MCQ scores did not significantly vary based on immersion condition, they were 
positively correlated with one another, r(30) = 0.520, p = 0.002.  
Free Recall.  The average number of intrusions was low (M = 0.531, SD = 0.842). 
Surprisingly, the proportion of correct free recall responses was significantly lower in the High-
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Quality condition (M = 0.569, SD = 0.152) than the Low-Quality (M = 0.650, SD = 0.196) 
condition, revealing a negative effect of immersion on item memory, t(31) = 2.304, p = 0.028. 
However, no significant relationship was found between overall free recall performance and 
presence as measured by the ITC-SOPI Composite score (r(30) = 0.200, p = 0.272), though a 
marginal trend was found on the MCQ (r(30) = 0.333, p = 0.062). Moreover, the difference in 
presence scores between immersion conditions (i.e., High-Quality minus Low-Quality presence 
values for each subject) did not correlate with a difference in free recall performance, regardless 
of whether the ITC-SOPI Composite score (r(30) = 0.203, p = 0.264) or the MCQ (r(30) = -
0.095, p = 0.605) was used as the measure of presence.  
 Recognition.  Once again, the proportion of hits on the recognition test was high in both 
the High-Quality (M = 0.930, SD = 0.071) and Low-Quality (M = 0.944, SD = 0.073) conditions, 
and the false alarm rate was low (M = 0.041, SD = 0.049). Scores were converted to d’ values 
and compared between immersion conditions, revealing no significant difference in performance 
(t(31) = 1.274, p = 0.212), although, as before, the interpretability of this result is once again 
obscured by the presence of a ceiling effect.  
 Source memory performance (i.e., IO scores) in both the High-Quality (M = 0.872, SD = 
0.128) and Low-Quality (M = 0.892, SD = 0.090) lighting conditions was significantly above 
chance (ps < 0.001). However, there was no significant difference in source memory 
performance between immersion conditions, t(31) = 0.808, p = 0.426. Furthermore, there was no 
significant relationship between overall source memory and presence (ITC-SOPI Composite: 
r(30) = 0.083, p = 0.654; MCQ: r(30) = 0.243, p = 0.180), nor was there a correlation between 
the difference scores (High-Quality minus Low-Quality lighting conditions) of source memory 
and presence (ITC-SOPI Composite: r(30) = -0.268, p = 0.140; MCQ: r(30) = -0.136, p = 0.461).  
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Experiment Three – Discussion 
As with Experiments One and Two, the results of this experiment once again failed to 
detect a significant correlation between difference scores (High- minus Low-Immersion) on 
presence and memory, and likewise found that source memory performance did not vary 
between immersion conditions. However, a surprising effect arose in free recall performance 
wherein memory for objects in the Low-Quality condition surpassed that of items observed in 
High-Quality lighting. This represents a notable deviation from the previous experiments in this 
study which failed to detect any effect (positive or negative) of immersion on memory, and will 
be explored further below. Nevertheless, in the absence of a relationship whereby differences in 
presence between immersion conditions was correlated with a change in memory performance, 
the preconditions for a mediation analysis were once again unmet in this experiment.  
 While null effects of lighting quality on memory would not be particularly unexpected 
given the previous literature on this property of immersion, it is not immediately clear why Low-
Quality lighting would have produced superior free recall performance in this experiment. To 
investigate this issue, it is worth first considering how the perceptual characteristics of this 
immersion manipulation might directly influence performance. Prior research has demonstrated 
that even objects rendered in very rudimentary virtual environments (in which stimuli are 
perceptually impoverished on a variety of dimensions, including lighting) can still be recognized 
by subjects (see Mourkoussis et al., 2010). Moreover, while lighting features like shadows have 
been found to be especially beneficial for perceiving spatial information (e.g., object distance 
and the relative locations of objects in space), they do not appear to be especially informative 
with regard to perceiving the shape and border of the objects themselves (Mamassian, Knill, & 
56 
Kersten, 1998), nor does the absence of shadows appear to prevent subjects from accurately 
recognizing the identity of an object (Braje, Legge, & Kersten, 2000). Thus, it is perhaps the case 
that perceptual information associated with lighting quality is fairly superfluous with regard to 
item-specific processing.  
While the perceptual characteristics of the objects themselves may not have enhanced 
item memory, is it possible that the difficulty of recognizing objects may have varied between 
the Low- and High-Quality lighting conditions? Specifically, it seems plausible that perceptual 
fluency was comparatively diminished in the Low-Quality condition, which (perhaps 
counterintuitively) might have ultimately benefited memory performance for stimuli in that 
condition. The concept of desirable difficulty (Bjork, 1994) suggests that some conditions which 
increase the difficulty of encoding may prompt more effortful processing that actually enhances 
retrieval performance. In many cases, memory for perceptually disfluent stimuli is enhanced 
relative to more fluent stimuli (although this finding is not universal; for discussion, see Yue, 
Castel, & Bjork, 2013). Could this process be driving the current results? Closer inspection 
suggests this is likely not the case. First, this effect appears to be restricted to mixed-list designs 
(see Susser, Mulligan, & Besken, 2013), while the current experiment more closely reflects a 
pure list design. Additionally, it is ambiguous whether the manipulation of lighting effects is 
similar enough to common manipulations of perceptual degradation found in this body of 
literature (e.g., blurred vs. clear words), thus obscuring whether a meaningful comparison can be 
drawn. Finally, basic perceptual research suggests that the speed and accuracy of object 
recognition do not appear necessarily influenced by the presence or absence of shadows (see 
Braje, Legge, & Kersten, 2000), at least so long as the cast shadow is congruent with the shape 
of the object and the direction of ambient illumination in the environment (Castiello, 2001; for 
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discussion, see Dee & Santos, 2011). Therefore, although promising at first glance, this 
explanation does not appear to hold up to scrutiny when applied as an interpretation of the 
current results.  
In consideration of these findings, perhaps one should not expect that the purely 
perceptual aspects of the High-Quality lighting condition should inherently confer a benefit in 
item memory performance when compared to a Low-Quality condition. Could the same be said 
if a spatial memory task had been employed in the current study (given the aforementioned 
benefit of spatial perception conferred by the presence of realistic lighting)? Mania et al. (2010) 
did not observe an overall difference in spatial memory performance between levels of lighting 
quality in Headset-VR. However, subjects did indicate higher levels of confidence in 
remembering the location of objects studied in the Low-Quality condition, suggesting a 
metacognitive bias in favor of more basic lighting effects despite no actual difference in source 
memory accuracy. In contrast, when Mania, Robinson, and Brandt (2005) measured confidence 
ratings in a similar experiment on item memory, no significant difference in confidence ratings 
emerged between the lighting conditions, while the pattern of performance in object recognition 
was unclear (Mid-Quality lighting was significantly better than Low-Quality, but High-Quality 
was no better than either Mid- or Low-Quality). While the relationship between lighting quality 
and memory remains unclear, these findings raise the possibility that metamemory judgments of 
virtual environments may be sensitive to the specific nature of the retrieval task. As such, future 
research may stand to benefit from the continued inclusion of metamemory assessments to 
further clarify its relationship with performance on various retrieval tasks between immersion 
conditions. Nevertheless, a clear explanation of the free recall results in the current experiment 
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does not seem to emerge from an account of the perceptual or metamnemonic properties of 
lighting quality detailed in prior research.  
 An alternative explanation of the results obtained in this experiment lies in a 
consideration of the extent to which the appearance of each virtual environment deviated from 
what could be expected in real life. In other words, it is worth considering if the Low-Quality 
condition was more visually distinctive than the High-Quality condition (by virtue of its 
increased perceptual deviation from reality) and whether this distinctiveness may have resulted 
in improved memory performance. Distinctiveness effects take on several forms and, in many 
cases, result in enhanced memory performance for items which have peculiar or atypical 
characteristics. Many individual manipulations of distinctiveness fit into one of two broad 
categories: primary distinctiveness (when an item is distinct with regard to its immediate 
context) and secondary distinctiveness (when stimuli are unusual in absolute terms based upon 
prior knowledge, regardless of the specific context in which they are observed; see Schmidt, 
1991). As such, to the extent that stimuli in the Low-Quality condition were distinct, it would be 
categorized as a form of secondary distinctiveness.  
 It is not entirely clear whether the occurrence of secondary distinctiveness can adequately 
account for the current results. Many secondary distinctiveness effects are most likely to emerge 
in recognition assessments of stimuli studied in a mixed-list design (Schmidt, 1991) – in contrast, 
the current results found an effect on free recall from stimuli studied in a manner more akin to a 
pure-list design. However, bizarreness effects (a subclassification of secondary distinctiveness) 
are a noteworthy exception for which effects are more pronounced in free recall (for review of 
bizarreness effects on memory, see Worthen, 2006). Additionally, there is evidence suggesting 
that bizarreness may be beneficial for item memory while having no effect on source memory 
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(e.g., Macklin & McDaniel, 2010). Moreover, mixed-list retrieval tasks like the one incorporated 
in this study (wherein recall for multiple sets of stimuli is evaluated simultaneously as opposed 
to after each individual study list) have produced bizarreness effects, even if the study phases 
feature a pure-list design (McDaniel, Dornburg, & Guynn, 2005). Finally, although more 
conventional paradigms (e.g., lists of sentences) are typically employed to study bizarreness 
effects, mnemonic benefits have also been observed when assessing memory for individual 
components of more comprehensive bizarre events (see Worthen, 2006).  
In light of these observed properties of bizarreness effects, it appears as though a 
distinctiveness-based explanation of the current results provides a plausible account for the 
enhanced free recall performance in the Low-Quality condition. Future research would benefit 
from a more direct examination of this bizarreness account. Additionally, subsequent exploration 
of this topic should also seek to identify which properties of immersion result in an experience of 
bizarreness when manipulated. Indeed, while this account is consistent with Experiment Three, it 
does not apply to the results of Experiments One or Two (perhaps because the previous 
experiments did not alter the visual appearance of the objects, but instead varied with regard to 
the visual boundaries of the environment and the number of sensory modalities expressed).  
 Regardless of the ambiguity in interpreting the results of the free recall assessment, the 
outcome of presence scores in this experiment is worth briefly discussing. In particular, a 
significant positive correlation in overall presence scores was found between the ITC-SOPI 
Composite and MCQ. This result contrasts with the outcomes of Experiment One (which only 
detected a marginal trend) and Experiment Two. This provides evidence of a clear positive 
relationship between these two metrics, and lends credence to the notion that the MCQ may be a 
valuable tool to study further in relation to presence in VR research. Additionally, neither 
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presence measurement detected a difference in overall presence between immersion conditions, 
suggesting that manipulating immersion via lighting quality did not strongly influence a user’s 
sense of being mentally transported to the virtual environment in this experiment. Finally, a 
marginal positive trend was observed between MCQ and overall free recall performance, 
although no such trend was detected for the ITC-SOPI composite. While it is worth noting that 
this pattern was directionally consistent with the results from Experiment One (which detected a 
positive relationship between overall free recall and both measures of presence), its failure to 
meet the significance threshold precludes any more substantive interpretation of this relationship 
in the current experiment.  
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EXPLORATORY ANALYSES AND DISCUSSION 
In addition to the planned analyses conducted within each individual experiment, more 
exploratory analyses were conducted inter-experimentally to test for the occurrence of effects 
which were not of primary interest in this project. The results below were produced from 
analyses which included data across all three experiments and are briefly discussed in this 
section. It is worth stating directly that the analyses below and their respective interpretations are 
preliminary and speculative.  
 Prior technological experience.  Prior literature (e.g., Tortell et al., 2007) suggests that 
differences in VR memory performance can sometimes arise between subjects with different 
levels of experience and proficiency with virtual environments. In the current study, a video 
gaming experience questionnaire (adapted from Richardson & Collaer, 2011) was used as a 
proxy for general exposure to technological interfaces in order to determine whether any such 
relationship emerged from the data obtained by this series of experiments. To assess whether a 
relationship exists between technological experience and the critical variables of this study (i.e., 
memory and presence), a series of correlational analyses was conducted which evaluated 
whether gaming experience correlated with any of the following measures: (1) Item Memory 
(i.e., free recall); (2) Source Memory; (3) ITC-SOPI Composite scores; and (4) MCQ scores (see 
Appendix E.1). Each of these variables was assessed both with regard to its average value across 
immersion conditions as well as the difference value between conditions (High-Immersion 
scores minus Low-Immersion scores). A significant positive correlation was detected between 
gaming experience and average presence as measured by the ITC-SOPI Composite score, r(94) = 
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0.205, p = 0.045. However, gaming experience was not significantly correlated with any other 
variables included in this analysis (ps > 0.05). Thus, while some positive relationship may exist 
between gaming experience and a subject’s general sense of presence in VR, it does not appear 
to have any association with differences in presence as experienced between varying levels of 
immersion. Moreover, gaming experience was not related with either measure of memory 
employed in the current study, suggesting that a subject’s prior technological exposure (as 
evaluated by this proxy measure) failed to yield either a benefit or a disadvantage on memory 
performance in these virtual environments.  
 In addition to the video gaming experience metric, subjects were also asked whether they 
had ever used a VR headset in the past and if they personally owned one themselves. While very 
few subjects reported owning a VR headset (only 9 across all experiments), 44 out of the 96 
subjects indicated that they had used a headset prior to the experiment. However, a between-
subjects t-test revealed that neither presence nor memory performance varied between subjects 
who had or had not previously worn a VR headset (all ps > 0.05).  
 Simulator Sickness.  Although the use of VR in experimental settings represents a 
generally benign methodological technique, it is not entirely free of drawbacks. In particular, it is 
not uncommon for users of a VR apparatus to occasionally experience unpleasant symptoms as a 
result of their exposure to the virtual environment. Such symptoms are characteristic of simulator 
sickness – an ailment with symptoms similar to motion sickness (for review, see Rebenitsch & 
Owen, 2016). In the current study, the subscale of the ITC-SOPI which was excluded from the 
composite metric (i.e., “Negative Effects”) served as an index of simulator sickness as it was 
experienced in the two immersion conditions.  
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It is reasonable to suspect that simulator sickness in VR would be quite distracting, and 
thus could potentially disrupt encoding. Likewise, a great deal of prior research suggests that the 
experience of adverse physiological symptoms in VR is negatively related with a user’s sense of 
presence (for review, see Weech, Kenny, & Barnett-Cowan, 2019). Therefore, a set of 
correlational analyses was conducted between simulator sickness and the average scores for 
measures of presence and memory included in the study (see Appendix E.2). Additionally, a 
correlational analysis between video gaming experience and simulator sickness was also 
included in order to assess whether increased exposure to technological interfaces might be 
associated with greater resilience to the effects of simulator sickness. Results indicated no 
significant relationship between overall ratings of simulator sickness and average scores on 
either memory, presence, or video gaming experience (all ps > 0.05). Moreover, a paired-
samples t-test found no difference in simulator sickness between High- and Low-Immersion 
conditions, t(95) = 0.067, p = 0.947.  
Gender effects.  Although gender effects on memory performance do not always surface 
in VR (e.g., Gaunet et al., 2001; Sandamas & Foreman, 2003), such effects have been known to 
occur from time to time (e.g., Chrastil & Warren, 2015; Plancher et al., 2013). In consideration 
of the unequal representation of sexes obtained by the sample in the current study (22 Males vs. 
74 Females), interexperimental analyses of gender effects were conducted in order to determine 
whether effects of immersion might systematically vary with regard to sex. A series of 2x2 
ANOVAs was conducted, each with sex (Male vs. Female) serving as a between-subjects factor 
and immersion level (High vs. Low) as a within-subjects factor. Memory performance (free 
recall and source memory), presence (ITC-SOPI Composite and MCQ), and simulator sickness 
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(i.e., the Negative Effects subscale of the ITC-SOPI) were sequentially submitted as the 
dependent variables in these analyses (see Appendix E.3).  
 Free recall performance was better among females than males, indicating a main effect of 
sex on item memory, F(1, 94) = 6.193, p = 0.015. However, no significant difference in free 
recall was detected between immersion conditions, F(1, 94) = 2.710, p = 0.103. A marginal 
interaction was found between sex and immersion (F(1, 94) = 2.992, p = 0.087), indicating a 
trend whereby free recall performance was equivalent between immersion conditions for 
females, but male performance was better in Low-Immersion than High-Immersion.  
On the source memory assessment, no main effect of sex was detected, F(1, 94) = 1.739, 
p = 0.191. Curiously, the main effect of immersion was significant, indicating that source 
memory performance was better in the Low-Immersion condition than in High-Immersion, F(1, 
94) = 4.327, p = 0.040. No significant interaction was detected in source memory between sex 
and immersion condition, F(1, 94) = 0.920, p = 0.340.  
On the ITC-SOPI Composite measure of presence, no main effect of sex was found, F(1, 
94) = 0.340, p = 0.561. However, presence as detected by this scale was significantly higher in 
the High-Immersion condition than in Low-Immersion, F(1, 94) = 5.902, p = 0.017. No 
significant interaction was found between sex and immersion, F(1, 94) = 0.006, p = 0.939.  
Unlike the ITC-SOPI, the MCQ detected higher levels of presence among females than 
males, F(1, 94) = 5.322, p = 0.023. Additionally, MCQ scores were higher in the High-
Immersion condition than in Low-Immersion, F(1, 94) = 12.435, p = 0.001. No significant 
interaction was detected in MCQ scores between sex and immersion condition, F(1, 94) = 1.945, 
p = 0.166.  
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The 2x2 ANOVA which utilized simulator sickness as its dependent variable revealed no 
main effect of sex, no main effect of immersion, and no interaction between these variables (all 
ps > 0.05).  
Finally, a separate independent-samples t-test was conducted to determine whether video 
gaming experience varied between males and females. A Levene’s test determined that equal 
variances in reported video gaming experience should not be assumed between males and 
females. However, results are significant both when equal variances are assumed (t(94) = 5.950, 
p < 0.001) and when they are not assumed (t(46.52) = 7.021, p < 0.001), revealing significantly 
higher levels of video gaming experience for males as compared to females. 
There are a few takeaways from these analyses which merit brief consideration. First, 
females outperformed males on the free recall task, demonstrating higher levels of item memory 
for the objects studied in the virtual environments. This is interesting to note in relation to the 
inconsistent findings of gender effects on memory performance in VR (which often favor males). 
Nevertheless, this outcome is perhaps less surprising when considering that females have been 
found in several cases to outperform males on episodic memory tasks in the non-VR literature, 
whether for the identity of previously studied objects (see Voyer et al., 2007) or memory for 
verbal materials (see Herlitz & Rehnman, 2008; see also Herlitz, Nilsson, & Bäckman, 1997). 
However, this benefit did not extend to source memory in the current study. It is also unclear 
how a more spatially-oriented memory task might have varied between males and females in the 
current study. Indeed, it is worth noting that many studies of memory in VR include a component 
of spatial navigation – a fact which might inflate the appearance of a male advantage in virtual 
environments. 
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This analysis also demonstrated that simulator sickness did not vary between males and 
females, nor did an interaction exist between sex and immersion condition. Prior research 
suggests that females are often more likely to experience symptoms of simulator sickness (e.g., 
Stanney et al., 2003), although this finding is not universal (for discussion, see Lawson, 2014). 
With respect to the current study, the lack of a gender effect on simulator sickness suggests that 
any distractions during encoding that might have resulted from such symptoms were unlikely to 
systematically disadvantage either sex. 
Finally, MCQ scores were significantly higher for females than males. This outcome is 
consistent with prior research on gender differences in autobiographical memory which has 
found that women often experience higher levels of sensory detail and emotional intensity than 
men when mentally reliving past events (e.g., Irish et al., 2008; Sutin & Robins, 2007). Although 
at first glance this outcome appears to suggest that females experienced greater levels of 
presence (or at least something phenomenologically similar) in the current virtual environments, 
this interpretation becomes less clear in the absence of a corresponding effect on the ITC-SOPI 
Composite measure. However, it is worth noting that a clear pattern in the literature regarding 
the effect of gender on presence has yet to be established, with gender effects observed in some 
studies (in either direction) and null effects reported in others (see Weech, Kenny, & Barnett-
Cowan, 2019). Consequently, the apparent discrepancy in the current results appears to suggest 
that this inconsistency in the literature may be partially dependent on something as subtle as 
which metric is incorporated to assess presence in a given study, and may therefore represent a 
fruitful avenue for future research.  
 Interexperimental relationships between presence and memory.  In addition to 
providing insight into potential gender effects in the current study, the previous analyses also 
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revealed main effects of immersion. In particular, a main effect of immersion was found on 
presence (both ITC-SOPI and MCQ) which revealed higher presence scores in High-Immersion 
than Low-Immersion. Although this may be considered intuitive, it is worth recalling that this 
trend was not consistently produced in all individual experiments – indeed, Experiment One 
found this effect on the MCQ (but not the ITC-SOPI), Experiment Two produced this effect with 
both measures of presence, and neither presence measurement significantly varied between 
immersion conditions in Experiment Three. Additionally, the previous analyses also revealed a 
main effect of immersion on source memory whereby performance was better in Low-Immersion 
than High-Immersion – an unanticipated result which was not obtained in any of the individual 
experiments (although a marginal effect in this direction was observed in Experiment Two). 
These findings prompted a reexamination of correlations between presence and memory in the 
context of the combined interexperimental data as a means to increase the statistical power of 
these analyses.  
 The first set of correlations included the average values of presence and memory 
experienced by subjects (collapsed across immersion conditions; see Appendix E.4.1). Average 
presence ratings on the ITC-SOPI Composite score were positively correlated with MCQ (r(94) 
= 0.385, p < 0.001), revealing a correspondence between these measures of presence that was 
previously only detected in Experiment Three (with a marginal trend in Experiment One). 
Additionally, average presence on the ITC-SOPI Composite was positively correlated with free 
recall performance (r(94) = 0.218, p = 0.033), although this trend was only marginal for the 
MCQ (r(94) = 0.194, p = 0.059). Within individual experiments, this relationship between 
presence and free recall was only found to be significant in Experiment One. Finally, no 
relationship was found between average source memory and presence as measured by either the 
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ITC-SOPI Composite score (r(94) = 0.030, p = 0.771) or the MCQ (r(94) = 0.074, p = 0.476) – 
an outcome which is consistent with the findings in all of the individual experiments.  
The second set of correlations included the difference values of presence and memory 
between immersion conditions (High- minus Low-Immersion; see Appendix E.4.2). However, 
the only significant correlation here was a positive association between difference scores on the 
ITC-SOPI Composite and MCQ (r(94) = 0.562, p < 0.001), with no other significant 
relationships detected between the difference scores of each variable (all ps > 0.05)17. As such, 
differences in presence (on either measure) were not related with any corresponding differences 
in either free recall or source memory between immersion conditions in the combined data set – 
an outcome which was also found in each of the individual experimental analyses.  
The preceding analyses offer a rudimentary glimpse into more general relationships that 
might exist between presence and memory in the context of various immersion manipulations. It 
is worth noting that, in some instances, trends emerged in the interexperimental analyses which 
were inconsistent among the individual experiments. For example, the positive association 
between the ITC-SOPI and MCQ in the combined analysis was significant, as was the 
relationship between average free recall performance and the ITC-SOPI. There are competing 
interpretations of what one might take away from these observations. On one hand, these 
findings might simply be taken as evidence that the increased power resulting from the combined 
sample size is better able to detect more subtle effects which were not identified within 
individual experiments. Alternatively, this outcome might illustrate the danger in interpreting the 
results produced by any one manipulation of immersion as being representative of a more 
general relationship between presence and memory. In either case, the consistent absence of any 
 
17 Although a marginal negative trend was found between differences in MCQ and source memory performance, 
r(94) = -0.177, p = 0.085. 
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relationship between the difference scores of presence and memory (both in the intra- and 
interexperimental analyses) suggests that increases in presence between the selected 
manipulations of immersion were not associated with corresponding differences in either item or 
source memory performance in the current study.  
Potential contrast effects of immersion.  The current study used a within-subjects design 
for its immersion manipulations. In addition to increasing statistical power, employing a within-
subjects design more effectively accounts for individual differences in one’s tendency to 
experience presence in VR. Despite the benefits of this methodological approach, it introduces 
the possibility of contrast effects. For instance, Khanna et al. (2006) found that presenting the 
High-Quality lighting condition before the Low-Quality condition resulted in significantly higher 
ratings of presence in the high quality condition – however, when the Low-Quality condition was 
presented first, no difference in presence ratings was observed (for additional discussion, see 
Slater et al., 2009). Of course, the order of immersion conditions was counterbalanced in the 
current study, thus controlling for the influence of contrast effects on the primary results of 
interest which are averaged over order conditions. However, considering that within-subjects 
designs are not very common in this literature, an investigation of contrast effects was included 
to explore whether order of immersion conditions affected presence. Specifically, a set of 2x2 
ANOVAs was conducted with immersion (High-Immersion vs. Low-Immersion) as a within-
subjects factor and order (High-First vs. Low-First) as a between-subjects factor, with measures 
of presence and simulator sickness serving as dependent variables (see Appendix E.5). 
Both measures of presence produced a similar pattern of results. Neither presence metric 
demonstrated a main effect of order (ITC-SOPI: F(1, 94) = 0.156, p = 0.693; MCQ: F(1, 94) = 
2.033, p = 0.157), while both measures were significantly higher in High-Immersion than in 
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Low-Immersion (ITC-SOPI: F(1, 94) = 9.742, p = 0.002; MCQ: F(1, 94) = 27.834, p < 0.001). 
Additionally, significant interactions were found in both analyses (ITC-SOPI: F(1, 94) = 12.002, 
p = 0.001; MCQ: F(1, 94) = 8.927, p = 0.004), revealing a trend whereby High-First subjects 
experienced greater levels of presence in High-Immersion (ps < 0.001), while presence for Low-
First subjects did not significantly vary between immersion conditions (ps > 0.05). Additional 
tests of simple effects revealed that presence scores in High-Immersion were not affected by the 
order in which immersion conditions were presented (ps > 0.05). In contrast, Low-Immersion 
MCQ scores were higher for Low-First subjects than High-First subjects (t(46) = -2.622, p = 
0.010), although this same directional trend was not significant for ITC-SOPI scores (t(46) = -
1.582, p = 0.117). Finally, when simulator sickness was included as the dependent variable, no 
main effects of order or immersion emerged (Fs < 1), but a significant interaction was obtained 
(F(1, 94) = 8.713, p = 0.004) whereby High-First subjects experienced less simulator sickness in 
High-Immersion (t(47) = 2.039, p = 0.047), while Low-First subjects had more simulator 
sickness in High-Immersion (t(47) = -2.132, p = 0.038).  
 Although contrast effects were not of primary investigational interest in the current study, 
the results produced above merit brief consideration. First, the effect of immersion on presence 
was robust for High-First subjects (with High-Immersion producing greater presence than Low-
Immersion), but was diminished among Low-First subjects – a pattern that mirrors the findings 
of Khanna et al. (2006). It is not immediately clear what factors might be driving this interaction, 
although the results of simulator sickness might provide us with an initial clue. Indeed, given the 
negative relationship between presence and simulator sickness often observed in the literature 
(see Weech, Kenny, & Barnett-Cowan, 2019), perhaps it is unsurprising that immersion-driven 
benefits of presence were mitigated among Low-First subjects by virtue of their increased 
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experience of simulator sickness in High-Immersion environments. One might also consider the 
positive relationship that is sometimes found between simulator sickness and duration of VR 
exposure. In short, it may be the case that Low-First subjects experienced less presence in High-
Immersion because simulator sickness was increased for the second VR trial, thus offsetting any 
benefit otherwise produced by higher immersion. However, this explanation is complicated by 
the fact that simulator sickness in Low-Immersion was unaffected by whether this condition was 
seen first or second. In either case, the possible effect of time spent in VR on simulator sickness 
should be investigated further with regard to its potential influence on immersion effects. 
Possible techniques to evaluate and control for such an occurrence are detailed in the General 
Discussion.  
An alternative interpretation of this interaction is that presence in High-Immersion 
environments remained constant regardless of whether they were seen first or second, whereas 
presence scores in Low-Immersion (at least as measured by the MCQ) appear to be greater when 
observed before the High-Immersion condition. If true, this may be a result of the comparative 
nature of presence judgments inherent in an experiment which manipulates immersion within-
subjects. For example, Low-First subjects may appraise Low-Immersion environments as more 
transporting because they have yet to experience its High-Immersion counterpart. In contrast, by 
the time High-First subjects observe Low-Immersion environments, they have already 
experienced a more realistic rendering of a virtual room, thus dampening the level of presence 
afforded by a Low-Immersion setting by virtue of its contrast with the earlier experience of 
High-Immersion. Regardless of which explanation most accurately accounts for the current 
results, an unambiguous takeaway from these analyses is the finding that the order in which 
immersion conditions are presented may have a profound influence on presence in virtual 
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environments. Consequently, the inclusion of counterbalancing for immersion order as a 
component of study design in this nascent domain of research may be especially critical. Indeed, 
it appears as though failure to account for contrast effects may produce qualitatively different 
results which would drastically change one’s interpretation of the relationship between 







The characteristics of sensory immersion included in this study were selected to be 
representative of the variety of ways this construct can be manipulated. Namely, characteristics 
of immersion were manipulated by virtue of the amount of the virtual environment observable at 
any given time (Experiment One), the number of sensory modalities expressed in VR 
(Experiment Two), and the visual appearance of the environment and its objects (Experiment 
Three). Despite this variety of manipulated characteristics, increased immersion never resulted in 
higher item or source memory performance throughout the study – indeed, item memory 
performance in Experiment Three was actually better in Low-Immersion. Moreover, measures of 
presence produced different patterns of results depending on which property of immersion was 
manipulated. Presence was found to be equal between immersion conditions in Experiment 
Three, increased for High-Immersion in Experiment Two, and increased or constant in 
Experiment One depending on the measure of presence (with a benefit of immersion found on 
the MCQ but not the ITC-SOPI Composite). These outcomes demonstrate why using the terms 
“immersion” and “presence” interchangeably is inappropriate and overgeneralizes the 
relationship between these constructs. Finally, the current study found that differences in 
presence between High- and Low-Immersion appear to be uncorrelated with differences in 
memory across different levels of immersion.  
The current results provide evidence which contributes to the ongoing discussion of 
immersion, presence, and memory in VR in several ways. In particular, the outcome of this study 
generally indicates that different manipulations of immersion have varying effects on both 
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memory and presence. On the surface, it appears intuitive to suggest that one’s subjective 
sense of presence will increase as virtual environments become more realistic. Likewise, it also 
seems natural to assume that more realistic environments could enhance memory for information 
studied in VR. However, the current results demonstrate that this is not always the case – 
different manipulations of immersion do not produce uniform effects on either presence or 
memory. In turn, this finding may partially explain the variable outcomes of immersion 
manipulations employed in the broader literature on this topic. Indeed, if immersion effects can 
vary within a study which kept virtual environments otherwise identical across experiments, it 
seems plausible that differences should surface when comparing results across studies which 
differ on several dimensions (e.g., the selected property of immersion, the characteristics of the 
virtual environment, the experimental task, etc.). Therefore, instead of attempting to identify an 
overarching pattern for how immersion impacts presence and memory, it seems more prudent for 
researchers to explicitly restrict interpretations of such effects to the specific property of 
immersion under investigation.  
Although differences in presence between immersion conditions were not correlated with 
corresponding changes in memory performance, several relationships were observed between 
overall values of presence and memory when collapsed across immersion conditions. Namely, 
the ITC-SOPI Composite was found to be positively correlated with item memory (i.e., free 
recall) both in Experiment One as well as in the combined interexperimental results. Similarly, a 
significant positive correlation was found between the MCQ and item memory in Experiment 
One, with marginal trends in this same direction observed in Experiment Three and in the 
combined interexperimental analysis. Obviously, the association between overall presence and 
item memory was not a universal finding, but this recurrent pattern is suggestive of some 
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association between these variables. What might explain this relationship? In the previous 
discussion of Experiment One results, we speculated that this association may indicate that 
subjects who are more likely to experience higher levels of presence may also be more efficient 
at encoding in virtual environments. This relationship may be due to the association between 
presence and attention. If so, this could be due to a pattern whereby increased attentional 
engagement with a virtual environment prompts both increased presence and enhanced memory 
performance. Alternatively, it might be that an elevated level of presence prompts higher 
attentional engagement, which in turn facilitates encoding. While the directionality of such a 
relationship is unclear, these explanations are consistent with the general belief that attention is a 
key cognitive mechanism underlying presence (see Darken et al., 1999; Witmer & Singer, 1998; 
see also Kober & Neuper, 2012). 
Beyond attentional engagement, one might also consider whether elaborative processing 
during encoding might prompt a more robust sense of presence. If so, subjects who 
spontaneously engage in more elaborative encoding may produce both higher presence and better 
memory independent of virtual immersiveness. This pattern would result in the appearance of a 
relationship between presence and memory which is actually spurious, driven instead by the 
unrecorded confounding variable of encoding elaboration. One might test this possibility with an 
experiment in which subjects are shown virtual environments with identical levels of immersion, 
but are given instructions which prompt either deep or shallow encoding during study. If more 
elaborative encoding strategies result in higher presence, this would suggest that differences in 
elaborative processing (rather than immersion) might be the true factor which underlies 
outcomes of both presence and memory in VR.  
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The current results cannot conclusively determine whether considerations of attentional 
engagement or elaborative processing most accurately explain the relationship between overall 
presence and memory. In either case, one might consider whether individual differences in 
susceptibility to presence may be more meaningful in understanding this relationship than 
general variations in presence between immersion conditions. To this end, future research may 
benefit from the inclusion of a measure designed to evaluate a subject’s general susceptibility to 
presence (e.g., the Immersive Tendencies Questionnaire, or ITQ; Witmer & Singer, 1998) rather 
than relying solely on observed presence in the context of the specific environments and 
manipulations of a particular study. 
Despite the occasional relationship detected between overall presence and item memory, 
it remains unclear why no significant correlations were observed in difference scores of these 
variables between immersion conditions (particularly in instances where presence scores were 
increased in High-Immersion). How can one reconcile increases in presence between immersion 
conditions with no commensurate increase in memory performance? Multiple potential 
explanations exist for this null outcome. For instance, perhaps presence is simply one of several 
factors which influence memory performance in VR. If true, then efforts to isolate presence as 
the sole intermediating variable of interest may fail to account for mnemonically critical 
differences which may occur for other (unspecified) variables between immersion conditions. 
Another possibility lies in a consideration of the individual cognitive mechanisms underlying 
presence (e.g., attentional engagement). It is possible that direct evaluation of such mechanisms 
may reveal a clearer association with immersion-driven changes in memory than an overarching 
assessment of presence could produce. However, this approach would result in evaluating 
constructs which, by themselves, are not phenomenologically representative of the experience of 
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presence. Consequently, this approach may not have a great deal of explanatory power in 
attempting to reconcile trends in this field of research.  
 While the previous suggestions speculate that immersion-driven changes in presence may 
not be a strong factor influencing memory, one should also consider that presence may not be 
causally related to memory whatsoever. Under this explanation, one might interpret the 
occasional effects of immersion on memory in the prior literature as coincidentally resembling 
the relationship between immersion and presence. Such an interpretation would suggest a degree 
of independence in how immersion impacts presence and memory rather than a meaningful 
correspondence between these variables. Indeed, the results from Experiments Two and Three 
seem to lend credence to this possibility. Recall that immersion in Experiment Two produced an 
effect on presence without an effect on memory. In contrast, the opposite pattern occurred in 
Experiment Three (i.e., an effect of immersion on memory, but not on presence). Taken together, 
this pattern of results appears to suggest little relationship between presence and memory in the 
context of changing levels of immersion.  
Another possible contributor to the current ambiguity in understanding how immersion 
may impact presence and memory could be terminological in origin. As seen throughout the 
introduction of this manuscript, it is not uncommon for researchers to classify experimental 
conditions as being either High-Immersion or Low-Immersion for the sake of direct comparison. 
Indeed, this was the approach adopted by the current study to compare levels of immersion 
within each experiment. This method of labeling is a fair characterization in the relative sense – 
after all, in any given experiment one condition can be objectively evaluated as more immersive 
than some other condition provided that they only vary on a single property of immersion (e.g., 
FoV). However, when attempting to establish more overarching patterns in the literature, this 
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labeling convention may unintentionally cause researchers to overgeneralize one set of results as 
being representative of the full spectrum of immersion. For instance, consider that a condition 
which is considered “Low-Immersion” in one study might instead be classified as “High-
Immersion” in another study simply by virtue of how its features compare with some other 
experimental condition. If the effect of immersion on presence and memory is monotonic (such 
that increases in immersion are generally expected to increase presence and/or memory), this 
labeling convention may not be inherently problematic in establishing trends between studies. 
However, such an account would have difficulty in explaining null effects of immersion on 
presence and memory, let alone negative effects (such as was found in Experiment Three). As 
such, it is worth considering whether the effects of immersion on presence and memory might be 
non-monotonic and, if so, what particular form this relationship might take.  
Research in the area of interactive fidelity (i.e., how closely the motoric interaction with a 
VR system matches the real-world action being simulated) may shed some light on this issue. 
Although not specifically intended for research on memory or presence, the Framework for 
Interaction Fidelity Analysis (or FIFA) was designed as a method to evaluate levels of interactive 
fidelity in a more objective and experimentally-independent manner (see McMahan, Lai, & Pal, 
2016). When applying FIFA to evaluate trends across studies of interactive immersion, some 
researchers have noted the emergence of an interesting pattern. Specifically, there is evidence 
suggesting that certain aspects of user performance (e.g., navigational efficiency and accuracy) 
in medium-fidelity environments is actually worse than both high-fidelity and low-fidelity 
conditions (e.g., Nabiyouni, Saktheeswaran, Bowman, & Karanth, 2015; for review, see 
McMahan et al., 2016). The resulting trend is thus revealed to be a U-shaped relationship 
between interactive fidelity and user performance. 
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Is it possible that this unintuitive trend may have ramifications for research on memory 
and presence as well? Consider a hypothetical experiment in which subjects are instructed to 
drive a virtual car in one of three conditions: (1) Using the directional arrows of a keyboard 
(Low-Fidelity); (2) Using a video game controller interface which allows for greater precision in 
steering, brakes, and acceleration (Mid-Fidelity); or (3) Using a full-scale vehicle simulator with 
steering wheel, pedals, gearshift, and other features configured identically with that of an actual 
car (High-Fidelity). How might each of these conditions affect cognitive load? The High-Fidelity 
interface is complex, but its similarity to actual driving makes it well-practiced. In contrast, 
subjects may not have familiarity with the Low-Fidelity interaction, but its rudimentary nature 
should make it fairly simple to learn. However, Mid-Fidelity requires more interactive precision 
than Low-Fidelity, but may not be as familiar as High-Fidelity. Consequently, this may result in 
increased navigational difficulty in Mid-Fidelity, which may in turn impede effective encoding 
by virtue of an increased cognitive load. Likewise, increased interactive difficulty in Mid-
Fidelity may draw a subject’s attention away from the virtual environment, thus reducing one’s 
experience of presence as well. Importantly, if this medium-fidelity device was instead identified 
as the “high-fidelity” condition of a given experiment, one might erroneously conclude that 
increased interactive fidelity does not enhance memory or presence. Such an interpretation 
would obscure the fact that, in actuality, the broader relationship between these concepts may 
simply take the form of a U-shaped function.  
If the possibility of a curvilinear relationship exists for effects produced by interactive 
immersion, what might we be able to conclude about sensory immersion? To my knowledge, no 
analogue of FIFA exists to quantify sensory immersion for cross-experimental comparison. 
However, observing individual experiments which use more than two levels of sensory 
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immersiveness provides a rudimentary glimpse of how this relationship might appear. For 
instance, Mania, Robinson, and Brandt (2005) found that manipulations of lighting quality 
produced better memory in mid- than low-quality conditions, but performance in the high-quality 
condition was not significantly different from either the low- or mid-quality conditions. At face 
value, this might be interpreted as preliminary evidence of an inverted (roughly) U-shaped 
relationship between immersion and memory. A curvilinear relationship also appears to be 
consistent with results of Lin et al. (2002), where ratings of presence increased for lower levels 
of FoV but appeared to plateau among higher levels of FoV. Similarly, Richardson and Collaer 
(2011) found that spatial memory performance significantly increased from Low- to Mid-FoV, 
but that the additional increase between Mid- and High-FoV was not significant (suggesting 
diminishing returns on memory performance as FoV continued to expand). However, these 
isolated examples of seemingly curvilinear trends should not be interpreted as universally 
applicable. Indeed, the outcome of Mania et al. (2005) is not consistent with the negative effect 
of lighting quality on item memory found in Experiment Three (despite the fact that Low- and 
High-Quality conditions in the current study appear quite similar to those employed by Mania et 
al., 2005). Nevertheless, these individual patterns highlight the potential importance of 
considering manipulations of immersion not only in their immediate experimental context, but 
also in terms of how the selected manipulations compare to the full spectrum of sensory 
immersiveness. To this end, it will be important for future researchers to determine whether it is 
possible to develop a system (similar to FIFA for interactive immersion) which could serve as a 
framework for meaningfully quantifying sensory immersion in a manner that allows for more 
direct comparisons between different properties of immersion.  
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Beyond these considerations, the results of the current study highlight several other 
domains which should be explored in future research. One direction is to investigate differences 
in memory and presence that arise when manipulating multiple properties of immersion 
simultaneously. The current study was very careful to isolate individual characteristics of 
immersion in each experiment. However, it would be interesting to determine whether 
manipulating all three aspects of immersion at once (effectively resulting in VeryHigh- and 
VeryLow-Immersion conditions) would produce results which mirror or contrast with the 
individual components of immersion. Additionally, would the results from this combined 
manipulation match the trends of the combined interexperimental analyses, or instead produce a 
pattern of results which is qualitatively different from those found in the current study? Although 
one would lose the ability to tease apart the separate influences of each specific component of 
immersion, this type of study could allow for an investigation of broader relationships that might 
exist between immersion, presence, and memory. Notably, such an experiment may have 
particular relevance with regard to quantifying differences between VR apparatuses (which often 
vary along several dimensions of immersion).  
Another fruitful area for future research is the potential application of the MCQ as an 
evaluation of presence. The current study provides preliminary evidence of some relationship 
between the MCQ and a conventional measure of presence (i.e., the ITC-SOPI).  Positive 
correlations in presence scores between these measures were obtained in Experiment Three and 
the interexperimental analysis (with a marginal trend in Experiment One). Additionally, presence 
as measured by MCQ was greater in the High-Immersion conditions of Experiment One (where a 
corresponding effect was not detected by the ITC-SOPI), Experiment Three, and the 
interexperimental analysis. Despite these trends, the correspondence between the MCQ and the 
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ITC-SOPI Composite scores clearly was not perfect. Could it be that the MCQ is more closely 
related to one of the subcomponents of the ITC-SOPI than with its composite value of presence? 
Appendix F lists all of the correlational analyses of each individual experiment with the ITC-
SOPI broken into its individual components. In most instances, correlational significance tests 
result in the same outcome regardless of which subcomponent of the ITC-SOPI is considered. 
However, one notable exception emerged in the analysis of difference scores from Experiment 
One. Namely, this analysis revealed that the MCQ has a strong positive relationship with the 
ITC-SOPI subscale of Engagement (r(30) = .620, p < 0.01) but not with the other two subscales 
(i.e., Ecological Validity and Sense of Physical Space). This finding may invite speculation as to 
whether the MCQ is more sensitive to some properties of presence than others. However, the 
otherwise consistent pattern found from these supplementary correlations suggests that this may 
not extend to all manipulations of immersion. Future research may be dedicated to understanding 
how the MCQ compares (and contrasts) with more conventional measures of presence. 
Moreover, continued assessment of the MCQ in virtual settings may ultimately reveal a link 
between new avenues of VR experimentation and established research on autobiographical 
memory effects – the domain of research for which the MCQ was originally designed. 
Considering the still-nascent body of research on immersion, presence, and memory, 
future studies should also investigate how components of experimental design may influence 
outcomes of empirical interest to a given study. For instance, the interexperimental contrast 
effects of the current study highlight a possible outcome of manipulating immersion within-
subjects. This may be particularly important when considering the relationship between time 
spent in VR and simulator sickness (see Kennedy, Stanney, & Dunlap, 2000; see also Ruddle, 
2004). Indeed, if simulator sickness is more pronounced as time in VR increases, a within-
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subjects design may also result in diminished presence over time due to the negative relationship 
between presence and simulator sickness (Weech, Kenny, & Barnett-Cowan, 2019). Such a trend 
might likewise dampen the impact of higher immersion on presence later in the experimental 
trial. 
How might one tease apart the countervailing influences of immersion and simulator 
sickness on presence? One possibility is to employ a continuous measure of presence with 
subjects providing ratings throughout the virtual experience (e.g., IJsselsteijn et al., 1998). For 
instance, one might provide subjects with a dial and instruct them to adjust the dial in accordance 
with their experience of presence. A “real-time” measurement such as this might help to control 
for the effect of time spent in VR, thereby allowing for a purer interpretation of the effects of 
immersion on presence. However, it is likely that this form of assessment would itself reduce a 
user’s presence by virtue of directing attention away from the virtual environment. One might 
attempt to mitigate this concern by providing subjects with a virtual representation of the 
measurement device while in VR. Alternatively, one might choose to employ a continuous 
assessment of presence which is not subjectively evaluated by the participant. Several objective 
psychophysiological measures are thought to align with presence, including heart rate (Rose & 
Chen, 2018), skin conductance (Meehan et al., 2001), and facial EMG (Ravaja, 2002). However, 
despite the objectivity of such measurements, physiological measures have the potential to be 
influenced by other factors besides presence, thus reducing the purity of the assessment. Perhaps 
the most promising avenue of research in this domain will be in the discovery of a definitive 
neural signature of presence. Neural correlates of presence have been investigated via EEG (e.g., 
Kober & Neuper, 2012; Schlögl, Slater, & Pfurtscheller, 2002), though further study will be 
necessary to sufficiently isolate the activity related to this construct. Indeed, continued research 
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in this area may reveal a method of assessing presence objectively and continuously via a fairly 
unobtrusive neuroimaging method which could be paired with VR.  
What other aspects of experimental design might be explored in future research? It is 
worth noting that most research in this domain employs intentional encoding tasks, with 
incidental encoding comparatively understudied in virtual environments (for an example 
experiment wherein intentional and incidental encoding were compared in VR with relation to 
age effects, see Plancher et al., 2010). Given the effects that encoding instructions can have on 
memory performance, this observation highlights a useful area of future study in VR. 
Additionally, the effect of immersion on memory performance sometimes varies based upon 
which component of episodic memory is being assessed. For instance, Experiment Three of the 
current study observed a negative effect of immersion on item memory, but a null effect of 
immersion on source memory. Therefore, it may be worthwhile to determine whether or not the 
results of the current experiments might extend to assessments of different characteristics of 
memory as well (e.g., memory for the spatial positioning of objects relative to other elements of 
the virtual environments). In short, careful assessment of various methodological properties 
(such as those listed above) may reveal which design considerations may be especially critical 
when investigating immersion-based phenomena in VR. Moreover, investigation of experimental 
design effects could establish precedents to better contextualize the outcomes of future studies 
within the general body of research on immersion, presence, and memory.  
In conclusion, the current study represents a systematic investigation of several aspects of 
sensory immersion and their relationship with presence and memory. The study employed an 
experimental paradigm which controlled for individual differences (via a within-subjects design) 
and differences between VR apparatuses (by employing an identical apparatus for all 
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experiments). Moreover, this study maintained identical levels of interactive immersion across 
all conditions. After careful inspection of each isolated property of immersion, results generally 
indicate that immersion effects on presence and memory are variable and appear to be dependent 
(in part) on the particular characteristic of immersion under investigation. As such, these results 
challenge the notion that effects of sensory immersion on presence and memory are 
manipulation-invariant and unidirectional. Furthermore, the current study was unable to detect a 
relationship whereby differences in presence between immersion conditions were associated with 
corresponding changes in memory performance. While noteworthy, the aforementioned 
heterogeneity of immersion effects suggests that this outcome should be interpreted tentatively – 
further investigation of additional aspects of immersion will be necessary before any more global 
conclusions can be drawn. Additionally, the occasional positive association observed in this 
study between overall presence and memory merits further investigation, as does the possibility 


























Figure 1. An image of the VR apparatus in use (worn here by a research assistant). The user is 
seated in a swivel chair in close proximity to a reference point marked on the floor (used to 
calibrate the user’s position in the virtual environment relative to the space where s/he is 
physically located). The cable for the VR headset is suspended above the user, allowing for full 
360-degree rotation without tangling or the need to adjust the cable during VR interaction. Two 
external sensors (one of which is visible near the top-left corner of the room atop the tripod) 
tracked the physical position and rotation of the headset in real time in order to update the user’s 








Figure 2. A sample portion of Room A as it would appear to subjects in both the Low-FoV (a) 
and High-FoV (b) conditions of Experiment One. Notice how the “virtual blinders” in Low-FoV 
restrict the portion of the virtual environment observable to subjects at any given time. Note that 
the thin green gridlines appearing here were not visible to subjects in the study. 










Figure 3. A sample image of the nondescript checkerboard-patterned room used during the 
initial familiarization phase. Pictured are two non-critical objects (a floating copper sphere and a 
stone column) which subjects saw while first acquainting themselves with how to use the VR 
























Figure 4. A sample portion of Room A, pictured both before (a) and after (b) objects have been 









Figure 5. A sample portion of Room B, pictured both before (a) and after (b) objects have been 











Figure 6. A sample set of objects as they were displayed during the recognition test. Objects 
were shown individually and subjects were provided with color-coded prompts on the screen 
reminding them of a key feature of the virtual environments (i.e., wall color) that was unrelated 













Figure 7. An image of Room A, pictured without (a) and with (b) the window that was added in 









Figure 8. An image of Room B, pictured without (a) and with (b) the window that was added in 









Figure 9. A sample image of Room A in Experiment Three, in both the High-Quality (a) and 









Figure 10. A sample image of Room B in Experiment Three, in both the High-Quality (a) and 
Low-Quality (b) lighting conditions. 
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MCQ – Page 1 of 2 
97 




MCQ – Page 2 of 2 
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Gaming Experience Questionnaire – Page 1 of 1 
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APPENDIX C – LITS OF CRITICAL OBJECTS (SEPARATED BY VIRTUAL ROOM 








Set 1 Set 2







Clock (wall, analog) House plant (palm)





Magnet (horseshoe) Record Player
Matchbox Rug
Pizza Spoon
Shoes (pair) Stereo System (speakers)
Teddy Bear Sunglasses
Tissue Box Tape Dispenser
Toaster Teapot
Watering Can World Map
**Room A Objects**
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APPENDIX C – LITS OF CRITICAL OBJECTS (SEPARATED BY VIRTUAL ROOM 








Set 3 Set 4
Object Name Object Name
Apple Binoculars
Baseball Bat Bowl
Candle Briefcase / Laptop bag
Cardboard box Broom
Dartboard Bulletin board / Corkboard









Television (flat screen) Rope (coiled)
Toy Airplane Soccer ball
Trash bin (metal wire) Stapler





APPENDIX D – COMPARING CORRELATIONAL ANALYSES (AVERAGED ACROSS IMMERSION VS. SEPARATE 








Correlated Variables Analysis Type Correlation Consistency Correlation Consistency Correlation Consistency
High-Immersion Only .215 .268 .499**







Low-Immersion Only .418* -.043 .236
Averaged Values .483** .021 .200
High-Immersion Only .267 -.153 .159
Low-Immersion Only .422* -.080 .310
†
Averaged Values .387* -.189 .333
†
High-Immersion Only .161 -.223 -.119
Low-Immersion Only .323
† -.144 .204
Averaged Values .267 -.251 .083
High-Immersion Only -.081 -.088 .014
Low-Immersion Only .095 -.099 .344
†
Averaged Values .072 -.101 .243
Note.   "Consistency" refers to how often the significance testing of High- and Low-Immersion separately arrives at the same conclusion as the Averaged correlation (α = 0.05)
**   p < 0.01
*   p < 0.05
†   
0.05 < p < 0.1
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 APPENDIX E – EXPLORATORY ANALYSES 




Table E.1.1        
Exploratory Analyses (Video Gaming Experience):  Correlations with Memory 





















       
-.130  .049  -.110 
 -.078 
              
**   p < 0.01        
*   p < 0.05        






Table E.1.2        
Exploratory Analyses (Video Gaming Experience):  Correlations with Presence 
    
 
   
 


















       
.205*  .109  -.075 
 .026 
              
**   p < 0.01        
*   p < 0.05        
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Table E.2.1        
Exploratory Analyses (Simulator Sickness):  Correlations with Memory 





















       
.081  -.265**  .075 
 .127 
              
**   p < 0.01        
*   p < 0.05        





Table E.2.2            
Exploratory Analyses (Simulator Sickness):  Correlations with Presence 
    
 
   





 Video Gaming 
























           
.031  -.174†  -.127 
 
-.230*  -.062 
 
-.179† 
                      
**   p < 0.01            
*   p < 0.05            
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Table E.3.1      
Exploratory Analyses (Gender Effects):  2x2 ANOVA Table -- DV: Free Recall 
      
Source SS df MS F p-value 
Sex 
     
0.248 1 0.248 6.193 0.015 
Immersion 
     
0.054 1 0.054 2.710 0.103 
Sex * Immersion 
     
0.060 1 0.060 2.992 0.087 
Error (within) 
     
1.872 94 0.020 -- -- 
Error (between) 
     
3.772 94 0.040 -- -- 






Table E.3.2      
Exploratory Analyses (Gender Effects):  2x2 ANOVA Table -- DV: Source Memory 
      
Source SS df MS F p-value 
Sex 
     
0.034 1 0.034 1.739 0.191 
Immersion 
     
0.038 1 0.038 4.327 0.040 
Sex * Immersion 
     
0.008 1 0.008 0.920 0.340 
Error (within) 
     
0.832 94 0.009 -- -- 
Error (between) 
     
1.854 94 0.020 -- -- 
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Table E.3.3      
Exploratory Analyses (Gender Effects):  2x2 ANOVA Table -- DV: ITC-SOPI Composite 
      
Source SS df MS F p-value 
Sex 
     
0.201 1 0.201 0.340 0.561 
Immersion 
     
0.544 1 0.544 5.902 0.017 
Sex * Immersion 
     
0.001 1 0.001 0.006 0.939 
Error (within) 
     
8.671 94 0.092 -- -- 
Error (between) 
     
55.410 94 0.589 -- -- 






Table E.3.4      
Exploratory Analyses (Gender Effects):  2x2 ANOVA Table -- DV: MCQ 
      
Source SS df MS F p-value 
Sex 
     
3.417 1 3.417 5.322 0.023 
Immersion 
     
1.737 1 1.737 12.435 0.001 
Sex * Immersion 
     
0.272 1 0.272 1.945 0.166 
Error (within) 
     
13.132 94 0.140 -- -- 
Error (between) 
     
60.354 94 0.642 -- -- 






APPENDIX E – EXPLORATORY ANALYSES 





Table E.3.5      
Exploratory Analyses (Gender Effects):  2x2 ANOVA Table -- DV: Simulator Sickness 
      
Source SS df MS F p-value 
Sex 
     
1.663 1 1.663 1.417 0.237 
Immersion 
     
0.036 1 0.036 0.285 0.595 
Sex * Immersion 
     
0.150 1 0.150 1.188 0.278 
Error (within) 
     
11.866 94 0.126 -- -- 
Error (between) 
     
110.347 94 1.174 -- -- 
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Table E.4.1        
Combined Inter-Experimental Analysis: Correlations -- Average Scores (i.e., overall 
values) 
    
    
 (1)  (2)  (3)  (4) 
    
(1) Free Recall 
       
1  --  --  -- 
       
(2) Source Memory 
       
.525**  1  --  -- 
       
(3) ITC-SOPI Composite Score 
       
.218*  .030  1  -- 
       
(4) MCQ  
       
.194†  .074  .385**  1 
              
**   p < 0.01        
*   p < 0.05        





Table E.4.2        
Combined Inter-Experimental Analysis: Correlations -- Difference Scores (i.e., High minus 
Low Immersion) 
    
    
 (1)  (2)  (3)  (4) 
    
(1) Free Recall 
       
1  --  --  -- 
       
(2) Source Memory 
       
-.140  1  --  -- 
       
(3) ITC-SOPI Composite Score 
       
.134  -.069  1  -- 
       
(4) MCQ  







              
**   p < 0.01        
*   p < 0.05        
†   0.05 < p < 0.1        
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Table E.5.1a      
Exploratory Analyses (Order Effects):  2x2 ANOVA Table -- DV: ITC-SOPI Composite 
      
Source SS df MS F p-value 
Order 
     
0.092 1 0.092 0.156 0.693 
Immersion 
     
0.797 1 0.797 9.742 0.002 
Order * Immersion 
     
0.982 1 0.982 12.002 0.001 
Error (within) 
     
7.690 94 0.082 -- -- 
Error (between) 
     
55.519 94 0.591 -- -- 





Table E.5.1b        
Exploratory Analysis (Order Effects): Simple Effects (within-subjects) -- DV: ITC-SOPI Composite 
        
Order High Immersion  Low Immersion  t  p-value 
                
High-First 
       




(.084)  (.084)   
              
Low-First 
              




(.084)  (.084)   
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Figure E.5.1.  Line graph accompanying 2x2 ANOVA of Inter-experimental Order Effects. The 
order of immersion conditions (High-First vs. Low-First) is the between-subjects factor, the level 
of immersion for which presence is assessed in the within-subjects factor, and the ITC-SOPI 
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Table E.5.2a      
Exploratory Analyses (Order Effects):  2x2 ANOVA Table -- DV: MCQ 
      
Source SS df MS F p-value 
Order 
     
1.350 1 1.350 2.033 0.157 
Immersion 
     
3.625 1 3.625 27.834 0.000 
Order * Immersion 
     
1.163 1 1.163 8.927 0.004 
Error (within) 
     
12.241 94 0.130 -- -- 
Error (between) 
     
62.421 94 0.664 -- -- 





Table E.5.2b        
Exploratory Analysis (Order Effects): Simple Effects (within-subjects) -- DV: MCQ 









                
High-First 
       




(.095)  (.087)   
              
Low-First 
              




(.095)  (.087)   
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Figure E.5.2.  Line graph accompanying 2x2 ANOVA of Inter-experimental Order Effects. The 
order of immersion conditions (High-First vs. Low-First) is the between-subjects factor, the level 
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Table E.5.3a      
Exploratory Analyses (Order Effects):  2x2 ANOVA Table -- DV: Simulator Sickness 
      
Source SS df MS F p-value 
Order 
     
0.797 1 0.797 0.674 0.414 
Immersion 
     
0.001 1 0.001 0.005 0.945 
Order * Immersion 
     
1.019 1 1.019 8.713 0.004 
Error (within) 
     
10.997 94 0.117 -- -- 
Error (between) 
     
111.213 94 1.183 -- -- 





Table E.5.3b        
Exploratory Analysis (Order Effects): Simple Effects (within-subjects) -- DV: Simulator Sickness 
        
Order High Immersion  Low Immersion  t  p-value 
                
High-First 
       




(.115)  (.118)   
              
Low-First 
              




(.115)  (.118)   
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Figure E.5.3.  Line graph accompanying 2x2 ANOVA of Inter-experimental Order Effects. The 
order of immersion conditions (High-First vs. Low-First) is the between-subjects factor, the level 
of immersion for which simulator sickness is assessed in the within-subjects factor, and the 















APPENDIX F – ITC-SOPI SUBSCALE ANALYSES (BY INDIVIDUAL EXPERIMENT) 







Table F.1a              
Experiment 1 (Field of View):  Supplemental Correlations (individual ITC-SOPI Subscales) -- 
Average Scores (i.e., overall values) 
 (1)  (2)  (3)  (4)  (5)  (6)  (7) 
       
(1) Sense of 
Physical Space 
             
1  --  --  --  --  --  -- 
             
(2) Engagement 
             
.629**  1  --  --  --  --  -- 
             
(3) Ecological 
Validity 
             
.618**  .615**  1  --  --  --  -- 
             
(4) Negative 
Effects 
             
-.277  -.261  -.368*  1  --  --  -- 
             
(5) Free Recall 
             
.263  .307
†  .586**  .028  1  --  -- 
             
(6) Source 
Memory 
             
.239  .168  .273  .149  .447*  1  -- 
             
(7) MCQ  




†  .387*  .072  1 
                          
**   p < 0.01              
*   p < 0.05              
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Table F.1b              
Experiment 1 (Field of View):  Supplemental Correlations (individual ITC-SOPI Subscales) -- 
Difference Scores (i.e., High minus Low Immersion) 
 (1)  (2)  (3)  (4)  (5)  (6)  (7) 
       
(1) Sense of 
Physical Space 
             
1  --  --  --  --  --  -- 
             
(2) Engagement 
             
.229  1  --  --  --  --  -- 
             
(3) Ecological 
Validity 
             
.454**  .076  1  --  --  --  -- 
             
(4) Negative 
Effects 
             
.088  -.372*  .270  1  --  --  -- 
             
(5) Free Recall 
             
.144  .268  -.193  -.281  1  --  -- 
             
(6) Source 
Memory 
             
-.035  -.116  .297
†  .235  -.288  1  -- 
             
(7) MCQ  
             
.108  .620**  -.108  -.431  .226  -.292  1 
                          
**   p < 0.01              
*   p < 0.05              
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Table F.1c        
Experiment 1 (Field of View):  High vs. Low Immersion -- Average Scores & Within-
subjects t-tests (individual ITC-SOPI Subscales) 









               
(1) Sense of 
Physical Space 
       




(.410)  (.453)   
              
(2) Engagement 
       
3.462  3.430  0.446  0.658 
(.540)  (.516)   
              
(3) Ecological 
Validity 
              
3.506  3.544  -0.304  0.763 
(.748)  (.823)   
              
(4) Negative 
Effects 
              




(.747)  (.814)   
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Table F.2a              
Experiment 2 (Ambient Audio):  Supplemental Correlations (individual ITC-SOPI Subscales) -- 
Average Scores (i.e., overall values) 
 (1)  (2)  (3)  (4)  (5)  (6)  (7) 
       
(1) Sense of 
Physical Space 
             
1  --  --  --  --  --  -- 
             
(2) Engagement 
             
.680**  1  --  --  --  --  -- 
             
(3) Ecological 
Validity 
             
.560**  .477**  1  --  --  --  -- 
             
(4) Negative 
Effects 
             
.150  .212  -.022  1  --  --  -- 
             
(5) Free Recall 
             
.065  0.167  -0.125  .094  1  --  -- 
             
(6) Source 
Memory 
             
-.218  -.105  -.285  -.007  .634**  1  -- 
             
(7) MCQ  
             
.175  .146  .121  -.006  -.189  -.101  1 
                          
**   p < 0.01              
*   p < 0.05              
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Table F.2b              
Experiment 2 (Ambient Audio):  Supplemental Correlations (individual ITC-SOPI Subscales) -- 
Difference Scores (i.e., High minus Low Immersion) 
 (1)  (2)  (3)  (4)  (5)  (6)  (7) 
       
(1) Sense of 
Physical Space 
             
1  --  --  --  --  --  -- 
             
(2) Engagement 
             
.655**  1  --  --  --  --  -- 
             
(3) Ecological 
Validity 
             
.711**  .534**  1  --  --  --  -- 
             
(4) Negative 
Effects 
             
-.283  -.311
†  -.092  1  --  --  -- 
             
(5) Free Recall 
             
.220  .103  .162  -.344
†  1  --  -- 
             
(6) Source 
Memory 
             
.029  -.278  .203  .167  -.118  1  -- 
             
(7) MCQ  
             
.617**  .667**  .555**  -.082  .067  -.070  1 
                          
**   p < 0.01              
*   p < 0.05              
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Table F.2c        
Experiment 2 (Ambient Audio):  High vs. Low Immersion -- Average Scores & Within-
subjects t-tests (individual ITC-SOPI Subscales) 









               
(1) Sense of 
Physical Space 
       




0.556  0.614   
              
(2) Engagement 
       
3.536  3.341  2.384  0.023 
0.597  0.514   
              
(3) Ecological 
Validity 
              
3.613  3.338  2.206  0.035 
0.757  0.807   
              
(4) Negative 
Effects 
              




0.852  0.895   
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Table F.3a              
Experiment 3 (Lighting Quality):  Supplemental Correlations (individual ITC-SOPI Subscales) -- 
Average Scores (i.e., overall values) 
 (1)  (2)  (3)  (4)  (5)  (6)  (7) 
       
(1) Sense of 
Physical Space 
             
1  --  --  --  --  --  -- 
             
(2) Engagement 
             
.874**  1  --  --  --  --  -- 
             
(3) Ecological 
Validity 
             
.819**  .751**  1  --  --  --  -- 
             
(4) Negative 
Effects 
             
.350*  .199  .129  1  --  --  -- 
             
(5) Free Recall 
             
.206  .240  .140  .144  1  --  -- 
             
(6) Source 
Memory 
             
.122  .081  .040  .088  .512**  1  -- 
             
(7) MCQ  
             
.473**  .537**  .464**  -.139  .333
†  .243  1 
                          
**   p < 0.01              
*   p < 0.05              
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Table F.3b              
Experiment 3 (Lighting Quality):  Supplemental Correlations (individual ITC-SOPI Subscales) -- 
Difference Scores (i.e., High minus Low Immersion) 
 (1)  (2)  (3)  (4)  (5)  (6)  (7) 
       
(1) Sense of 
Physical Space 
             
1  --  --  --  --  --  -- 
             
(2) Engagement 
             
.376*  1  --  --  --  --  -- 
             
(3) Ecological 
Validity 
             
.477**  .341
†  1  --  --  --  -- 
             
(4) Negative 
Effects 
             
-.127  
-
.539**  -.116  1  --  --  -- 
             
(5) Free Recall 
             
.205  .268  .019  -.166  1  --  -- 
             
(6) Source 
Memory 
             
-.375*  -.162  -.126  .029  -.011  1  -- 
             
(7) MCQ  
             
.457**  .406*  .469**  -.259  -.095  -.136  1 
                          
**   p < 0.01              
*   p < 0.05              
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Table F.3c        
Experiment 3 (Lighting Quality):  High vs. Low Immersion -- Average Scores & 
Within-subjects t-tests (individual ITC-SOPI Subscales) 









               
(1) Sense of 
Physical Space 
       




(.718)  (.686)   
              
(2) Engagement 
       
3.300  3.310  -0.104  0.918 
(.654)  (.562)   
              
(3) Ecological 
Validity 
              
3.425  3.188  2.380  0.024 
(.865)  (.964)   
              
(4) Negative 
Effects 
              




(.806)  (.717)   
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